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The completion of this liquid hydrocarbon recovery 
plant in the Neale Field of Southern Louisiana adds 
to the fund of experience of HUDSON, acquired 
over many years in the building of a variety of 
processing plants for the oil and gas industry— 
plants ranging in scope of products from helium to 
asphalt, in scope of pressures from sub-atmospheric 
to 12,000 pounds per square inch, and in scope of 
temperatures from minus 320 to plus 1500° F. 





















Complete services, from basic analyses of economic 
and engineering factors necessary in deciding upon 
location, size and design of plant, to final test 
operation of completed project, are available in 
this one integrated organization. 


Process design of the plant pictured was developed 
by the Research and Development Department of 
The Atlantic Refining Company. All other phases 
of the project including the field piping systems 
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WEDGEPLUG 


STEEL VALVES 
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Combine the Best Features of 
a Gate Valve and a Plug Valve 
































Wrench 
THROUGH the development of a simple, pat- Operated 
ented Dry Plug Valve that combines the best 
features of a Gate Valve with those of a Plug 
Valve, WEDGEPLUG has established a new prin- 
ciple in valve design and usage; and, has created 
a real “All-Purpose” Valve. 


The WEDGEPLUG Valve, as its name implies, 
is a Plug-Type Valve—the design of which in- 
corporates large port openings; wedging action; 
raised seats and, an easy-to-operate mechanism 
that lifts, turns, and re-seats the Plug in one 
operation. WEDGEPLUG is the only Plug-Type 
Valve on the market that can satisfactorily take 
the place of a Gate Valve. Made of steel and 
special alloys. 


Worm 






NEGLIGIBLE PRESSURE DROP 


Due to the large port openings, there is little 
pressure loss through a WEDGEPLUG Valve. 
Openings in percent of pipe area are: 


Series 15 — 56% to 96% 


Series 30 — 81% to 96% 
Series 60 and up — 100% 





Thus, pressure drop is reduced to a minimum Direct 


, - are Handwheel 
and is definitely not a limitation. Gucsated 





A TRIED AND PROVED “ALL-PURPOSE” VALVE 


Successfully handles air—water—steam—gases—solids in suspension— 

acids—alkalis—dyes—soap solutions—sulphur—asphalt—coal tar prod- 

For Immediate ucts—petroleum oil and all of its fractions—including the severe service 
Shipment conditions encountered in fluid catalyst cracking units. 





Some sizes of WEDGEPLUG 


to 84", in tath exten tee WEDGEPLUG VALVE CO,., INC. 


se ee eee Factory and General Sales Offices, 1304 South Broad Avenue 
‘or immediate shipment 
from Factory Stock. Inquir- NEW ORLEANS 15, LA. 


les are invited! 
Sales Offices 














NEW YORK - CHICAGO - LOS ANGELES - PITTSBURGH - KANSAS CITY - HOUSTON 
OKLAHOMA CITY - WICHITA - TULSA - ODESSA - AMARILLO - CHARLOTTE 
Other Good Territories Now Open for Sales Representation — 
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49 Federal Street, Boston 7, Massachusetts. 
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Unisol Mercaptan Removal Process 
UOP Fluid Catalytic Cracking Process 
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Proportional Proportional- . Pneumatic 
1 2600 Controller 1 261 0 Reset Controller 1 2620 Transmitter 


Duplex Proportional Proportional-Reset Controller 
T 2600-00 1 26 1 0-20 & Pneumatic Transmitter 


Controller 


New York + Buffalo + Chicago + St.Louis + Philadelphia * Houston + Pittsburgh + Cleveland + Tulsa ° 
Los Angeles + San Francisco * Mason Regulator Company of Canada, Ltd., Montreal and Toronto 
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hypersorption process 






The Hypersorption process was developed by Union Oil Com- 
pany of California for the separation of hydrogen and light 
hydrocarbons which are not readily handled in conventional 
separating processes. The process depends on the ability of 
activated carbon to adsorb heavier hydrocarbons or larger 
molecules to a greater degree than light hydrocarbons or 
smaller molecules. 










Referring to the flow diagram, it will be noted that the Hypersorption unit has three major 





sections: cooling section at the top, adsorption and rectifying section in the middle and 






steam stripping section at the bottom. An elevator or gas lift is employed to convey the 






granular charcoal from the bottom of the unit to the top in a closed cycle of circulation. 
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The feed gas enters through a distribution plate and passes upward countercurrent to a 
moving bed of activated charcoal. In its passage through the bed, the heavier compounds 
are adsorbed and retained on the charcoal. The top product gas disengages from the 
charcoal below the cooler and passes off through a cyclone. The charcoal passes down- 
ward below the feed point to the rectifying section where it contacts a reflux of heavy 
















This Hypersorption column is shown under construction at our Carteret, New Jersey works. It 
will be erected at the Midland, Michigan plant of the Dow Chemical Company. ¢ The photo- 
graphic view is from the top down, showing (a) the cooling section, (b) the charge and product 
manifolds and (c) the heating section. The heat is supplied by a Dowtherm vapor heating system. 


constituents liberated in the bottom of the stripper which serves to liberate lighter constitu- 
ents. A concentration of these intermediate constituents in the vapor phase results, and 
they can be disengaged as a sidecut product gas, at a point midway between the feed 
and bottom product gas disengaging section. As the charcoal flows past the bottom product 
gas-disengaging section into the steaming section, it meets an upward flow of steam which 
liberates the adsorbed heavier components, and these flow upward either to return as 
reflux or pass out as bottom product gas from the Hypersorber. 


The charcoal flows from the steaming section into the stripping section wherein it passes 
down through tubes which are heated by a circulating heating medium and through which 
steam is passed countercurrent to the charcoal. The hottest point in the stripper is at the 
bottom of this section and substantially all residual hydrocarbons are removed during 
the passage of the charcoal through this zone. 


A charcoal regeneration unit is provided to act in parallel with the Hypersorber for the pur- 
pose of carrying out high temperature steam treatment of the charcoal to maintain its activity. 


The charcoal is transported to the top of the tower by means of an elevator or gas lift 
system and is dropped into the reserve charcoal hopper at the top of the unit. The hot 
charcoal passes down from the hopper into the cooling section. 


Typical separations which have been accomplished in pilot plant operation: 


Mixed-gas Charge Product 
Methane-hydrogen-ethylene Ethylene 
Methane-ethane-propane Propane 
Methane-hydrogen-acetylene Acetylene 
Flue Gas Carbon-Dioxide 











Methane-hydrogen-ethane Hydrogen 
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The flaw diagram shows a direct-fired “Downdraft” he 
raising the temperature of the charge to some prede 
mined level between 400° F. and 700°-F. (It is not nes 
sary to vaporize the charge in Fluid Catalytic crack; 

The preheated oil leaving the furnace, Meets and 
with the regenerated catalyst as the latter flows 
of the standpipe from the regenerator. The cataly 
a temperature of approximately 1100° F. comple 
vaporizes the charging stock, and the reactio 

completed in the reactor. The reaction products 5 
thru cyclone separators, a device in which q 
ing effect is given to the vapor, throwing out 

entrained catalyst and permitting the vapo; 
pass out of the reaction system almost comple 
free of catalyst. The vapor then enters a fracii 
ator where the desired fractional separa 
takes place. Excess heat is recovered j 
waste-heat boiler from which  substo 
quantities of steam are produced by in 
change with the hot residue (or slurry! 
culated from the bottom of the fraction 

thru the waste-heat boiler and rety 

to the column. Any catalyst which 
entrained .with the vapor entering 

fractionator is concentrated in the 

due. It is further concentrated i 

.Dorr thickener and returned to 

reactor system. 


In'the reactor, practically all of 

catalyst settles out after reo 

with the petroleum vapors. The 

alyst, now coated with carb 

flows out of the reactor and m 

the air for regeneration and is¢ 

veyed by that air into the regenen 

where the burning off of the carbon is compl 

The regenerated catalyst passes out of the regener 

in the standpipe thru which it flows to meet the incoming cho 

ing oil. The temperature in the regenerator is controlled by circuld 

the regenerated catalyst thru a waste-heat boiler. As in the reactor, cyc 

separators in the top of the regenerator remove nearly all of the entrained colo 

The products of combustion pass thru a flue gas waste-heat boiler where substantial quar 

of steam are generated, thus cooling the gases. Catalyst still entrained, is finally removed in a Co 

Precipitator and returned to the regenerator system. Catalyst may be added or removed by utilizing s 
air-injection devices. 
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For advice on your 
dust recovery problem, 


write . Buell Engineering Co., Inc., 
* 6 Cedar St., Suite 5000, New York 5, N.Y. 





tugineered Lfticiency IN DUST RECOVERY 
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REFINERY PUMPS 
Illustrated here are but a few of the stand. 
ard and special types of pumps manufac. 

——— —_.o! fy & tured by Byron Jackson Co., for various re- 
finery applications. Since 1872 Byron Jack. 
son engineers have been building pumping 
equipment to meet both the simplest and 
the most complex needs. If a fluid handling 
problem confronts you that the pumps illus- 
trated will not solve, before you write your 
pump specifications call in Byron Jackson's 
seasoned hydraulic engineers . . . their long 
experience and knowledge is. at your 
service. 


DOUBLE CASE HOT OIL PUMP 
Capacity Range: 150-2000 gpm. 
Head Range: 1200-10,000 feet. 

Adaptable for a wide range of refinery pumping 

unit is primarily engineered to pump extremely hot 

and/or volatile liquids. Construction features 4 

simple cylindrical outer case with one circular joint 

and longitudinally split inner case. Outer case 
alone withstands bursting pressure and is sub- 
jected to tension stresses. Radially and axially bal- 
anced, requires no balancing drums, discs or float: 
ing seals. Handles liquids to 1000° F. Standard 
materials: Forged or cast steel outer case; nickel 
cast iron or chrome alloy steel inner case. Chrome 
alloy steel, Stellite on wearing surfaces and for 
trim. Material variations to suit service conditions. 





DOUBLE SUCTION HOT OIL PUMP 
(TWO STAGE) 

Capacity Range: 1400-2000 gpm. 
Head Range: 700-1100 feet. 
Contained within a heavy duty, vertically split case 
with confined gaskets, this pump is a two stage unit, 
the first stage of which is double suction while the 
second stage is single suction. Initial entrance ve- 
locities have been materially lowered permitting 
operation at substantially lower npsh. Staggered 
volutes provide radial balance, while hub wearing 
rings on the second stage give axial balance. Stuff: 


ing boxes are extra deep and both stuffing boxes 
and bearings are water-jacketed. The rotating 
element can be easily -and quickly removed as @ 
unit without disturbing the piping or driver. 







SALES ENGINEERING offices in 
New York, Chicago, Tulsa, San Francisco, Salt Lake 
City, Houston, Fresno, El Paso, Kansas City. 


DOUBLE SUCTION HOT OIL PUMP 
(SINGLE STAGE) 


Capacity Range: 1000-7000 gpm. 
Head Range: 100-700 feet. 


Developed for capacities beyond the range of 
Single Suction Process Pumps. Design is based on 
proven principles of construction essential for su- 
perior service in handling high temperature liquids 
on continuous operation. Three pump sizes are 
available—6 x 8 x 1|O—6x 10x 14 and 12 x 16x 20. 
Low entrance velocities and axial balance are ob- 
tained by use of a double suction impeller. Rotating 
element can be removed as a unit without disturb- 
ing the piping or driver. Pump can be constructed 
of a wide selection of materials to suit specific 
conditions. 


SM PROCESS PUMP 
Capacity Range: 10-1400 gpm. 
Head Range: 20-650 feet. 

A horizontal, single stage, single suction, split case 
centrifugal pump for use where temperatures and 
pressures are high, suction liquid levels low, where 
hot and cold liquids near their boiling points must 
be handled, and where liquids impose severe condi- 
tions on stuffing boxes. An ideal pump for handling 
slurry. Alignment is maintained at any temperature. 
Bearing bracket, shaft and impeller assembly re- 
movable without disturbing piping, case, or driver. 
For temperatures to 850° F. Standard materials: 
Cases and impellers of cast iron, Meehanite, Ni- 
resist carbon or chrome alloy steel, or other alloy 

best suited to particular service. 


ACID BUTANE PUMP 
Capacity Range: 2000-4500 gpm. 

Head Range: 50-300 feet. 
This special purpose pump is designed for handling 
acid butane and other corrosive liquids. It is a 
horizontal, single stage, single suction, split case 
centritugal provided with a removable, split, 
water-jacketed, stuffing box for ease in packing. 
Impeller is arranged with wearing rings to obtain 
suction pressure on the stuffing box. Nozzles. are 
adapted to conform to overhead piping. Bearing 
bracket, shaft and impeller assembly removable 
withou: disturbing piping, case or driver. Built in 
two sizes, 8 x 10 x 16” and 10 x 12 x 18”. Materials 
fo suit particular operating conditions. 
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©. tL. MULTIPLEX PUMP 


s S. BD. MULTIPLEX PUMP 


FACTORIES Los Angeles and Fresno, 
Calif.; Houston, Texas; Bethlehem, Pa. 


“VC” REBINERY PUMP 
Capacity Range: 300-900 gpm. 
Head Range: 300-1200 feet. 
Temperatures to 900° F. 

The "VC™ Pump is a heavy duty horizontal, 2-stage, 
solid case centrifugal, fitted with single suction en. 
closed type impellers, mounted back to back to 
eliminate thrust. Designed for high temperatures 
and medium pressures. Suction and discharge nov. 
zles, cast integral with the case, are vertically up 
to prevent gas binding. Entire rotating element 
may be removed without disturbing. suction or dis. 
charge piping. Pump case is supported at center. 
line by cradle mounting to permit radial expansion 
in all directions under temperature without misalign. 
ment. Available in four sizes: 3 x 4x 10,4 x 6x J0L 
4x 6x IOH and.4 x 6x 12!/. For installations re. 
quiring dual drive, double extended shaft can be 

furnished 


O. L. MULTIPLEX PUMP 
Capacity Range: 250-2000 gpm. 
Head Range: 600-2800 feet. 

A horizontal, split case, multi-stage unit. Supplied 
with extended base plate and all metal flexible 
coupling, for direct connection to the driver 
Intended for medium capacity, high pressure serv 
ice, this unit is particularly applicable for pipe lines 
and other services requiring high pressures and 
high efficiencies. The case is made in two halves 
which are bolted together on horizontal centerline 
by means of studs and acorn nuts. Suction and 
discharge nozzles are cast integral with the lower 
half of the case. The crossover passages, which are 
external, are cast integra! with the case. Construc 
tion insures easy assembly. Standard material 
Cast iron, bronze fitted, nitrided Nitraloy o 

Stellite trim. 


S. D. MULTIPLEX PUMP 


Capacity Range: 80-2000 gpm. 
Head Range: 300-3000 feet. 


A heavy duty, high speed, multi-stage pump, rug: 
gedly constructed and adaptable for all classes 0 
medium or high pressure service. The ‘SD’ hor 
zontal -split case unit is designed with crossover 
passages between stages cast integral with the 
case. This unit is always built with an “even num: 
ber of stages and with impellers paired and 
mounted back to back to equalize end thrusts. 
Staggered volute construction is employed. In 
cludes sizes from 2” to 6” available as 2-4-6 and 
8-stage units. Standard materials: Cast iron, bronze 
fitted. 
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SALES ENGINEERING offices in 
New York, Chicago, Tulsa, San Francisco, Salt Lake 
City. Heuston, Fresno, El Pasb, Kansas City. 


MULTIPLEX BOILER FEED PUMP 
Capacity Range: 500-1100 gpm. 
Pressure Range: 550-900 psi. 
in general, this 4” x 6” 6-stage Split Case Boiler 
Feed Pump designed for medium capacity, high 
pressure service has the general characteristics of 
an OL Multiplex Pump, ‘. a. it is a horizontal, split 
case, multi-stage unit, designed with external piping 
to insure high efficiencies. However, construction, 
for this service, differs in the following respects. 
Volutes are staggered for radial balance. Stage 
arrangement provides for low pressure drop across 
bushings. First stuffing box is under suction pressure 
and second stuffing box is under first stage pressure 
only. A throttle bushing is furnished in the second 
stuffing box which permits bleeding back to suc- 
tion pressure so that actually both stuffing boxes 
are under suction pressure. Base plate support is 
brought up under bearing brackets, providing a 

high mounting to permit free expansion. 


FIGURE PUMP 


Capacity Range: 10-1500 gpm. 

Head Range: 10-300 feet. 
The Figure Pump is a horizontal shaft, single stage, 
side suction centrifugal, mounted on heayy ball 
bearing bracket, with overhung shaft extended to 
receive flat or Vee-belt pulley. Designed for gen 
eral utility pumping, it is a relatively inexpensive, 
single suction, general service unit. The design of 
these pumps incorporates rugged mechanical con- 
struction and hydraulic performance comparable to 
that obtained with double suction pumps of similar 
size. Production of these standard pumps in quanti- 
ties permits the very nominal price at which they 
are offered. Sizes from |” to 8” pressure range 
is to 200 Ibs. 


TYPE ‘‘S’’ PUMP 


Capacity Range: 50-40,000 gpm. 
Head Range: 40-400 feet. 


A standard, all-round utility pump widely used by 
refineries for general cold or warm liquid pumping 
service, the Type ‘'S'' Pump is made in a complete 
range of sizes. Pumps presented under this classifi- 
cation are single stage, horizontally split, two-bear 
ing type centrifugals. The pump is complete from 
suction flange to the discharge flange, including 
base-plate and flexible coupling for direct connec 
ion to driver. All impellers are machined on out- 
Side surfaces, hand filed in the water ways, static 
ally bal=nced before mounting. Standard materials 
Cast iron, bronze fitted. 
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STUFFINGBOXLESS PUMP 


- Capacity, head and temperature ranges 
: according to type of pump furnished 
for individual job application. 

ie Basically different, this pump has no stuffing boxes 
, and there is no escape to atmosphere of the 

pumped liquid. It is first choice for pumping high. 
ly volatile liquids. This pump is a combination of a 
3-phase induction motor and any one of several 
standard type Byron Jackson pumps, built as com. 
pact. vertical, self-contained, mechanically sealed, 
pumping units. The motor is built integral with the 
pump and is housed in a water-tight, jacketed 
casing which is filled with oil of high dieelectric 
strength to provide electrical protection and lubri- 
: cation for the motor in addition to forming a me- 
dium for transfer of partial discharge pressure to 
the motor end of the mechanical seal. A two com. 





partment oil tank assembly connected together at 
the bottom is also included as an integral part of 
the unit. An auxiliary oil supply is stored in the 
first compartment which is connected to the motor 
and the seal chamber. The second compartment is 
connected to a predetermined point in the pump 
case under partial discharge pressure. This com 
partment contains separating liquid (usually water 
which isolates the motor oil in the first compart 
ment from the pumped liquid in the second com 
partment. With the motor and oil tank assembly 
under partial discharge pressure, and the pump end 
of the mechanical seal under suction pressure, leat 
age from the seal is always to suction pressure— 
this leakage being replaced from the auxiliary oi 
supply. With this arrangement, low differentia 
pressure can be maintained across the seals, re 
gardless of suction and discharge as the pressure 






comnaaill 


me > 


differential is determined by the point at which the 
pumped liquid is led from the pump case to the 
oil tank assembly. This differential will remain con 
stant with varying pump pressures as any variations 
are immediately transmitted to the motor end of 
the mechanical seal through the oil tank assembly, 

The motor is 3 phase, either 220 or 440 volt, fur- 
et =) nished in standard ratings from 5 HP to 125 HP 


inclusive. at 2 pole speeds, and from 5 HP to 175 
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aa HP inclusive at 4 pole speeds. This motor is manu- 
— + a factured in its entirety by Byron Jackson Co. With 
: the use of waterproof conduit, the complete unit 


x can be operated completely submerged. At 
ms extreme left is illustrated a WHydropress Type 
Stuffingboxless Pump. At top left is illustrated 
a Type SM Process ‘Stuffingboxless Pump and at 
lower left a Turbulence Type Stuffingboxless Pump. 
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HYDROPLEX PUMP 

Capacity Range: 15-55 gpm. 

Head Range: 360-1600 feet. 
The Hydroplex is a standard, low cost unit, 
designed primarily for handling non-abrasive and 
non-corrosive liquids. It is a vertical, single case, 
multi-stage pump, direct-connected to a 3550 RPM, 
220/440 volt, 3 phase, vertical, drip-proof, solid 
shaft motor and sold only as a complete unit. Ver- 
tically split volute case and motor barrel are cast 
integral and bolted together with gasket between 
ground faces. Designed for low capacity, high 
oressure service. The vertical construction permits 
use of a simple foundation and requires a minimum 
of floor space. Standard materials: Cast iron, 
bronze fitted, chrome shaft. Maximum operating 
temperature is 250° F.; maximum operating pres- 
sure 670 Ibs.: hydrostatic test pressure 750 Ibs. 


VMT PUMP 


Capacities to 1000 gpm, heads to 250 psi, 
temperatures to 250° F, with standard 
materials. Larger sizes, higher tem- 

peratures on special order. 

Designed for handling liquids—hot or cold—corro- 

ive or non-corrosive—where the net positive suc- 

tion head is limited. This pump is a multi-stage 
pumping unit mounted in a barrel from which it 
iction. Base of the pump is at ground level, 
ength of the barrel below is determined by 
the npsh requirement. This arrangement permits 








pumping from a suction vessel set at a lower eleva- 
tion. Standard construction: Cast iron cases, 
bronze fitted, chrome steel shaft and shaft sleeve. 
Standard sizes. 8, 10, 12 and 14 inch barrels. Sizes 
to 5,000 gpm and for corrosive liquids and/or tem 
peratures to 750° F.. on special order. 


HYDROPRESS PUMP 
Capacity Range: 10-300 gpm. 
Head Range: 200-7000 feet. 


The Hydropress unit is vertical double case multi- 
stage pb. sold only as a complete unit with the 


nected driver. Designed for high speed, 


+ 


y. high pressure operation, the Hydro- 
offers many advantages. These include 
npulsating flow, variable capacities with- 

or speed change, elimination of relief 
rtical construction allows use of a simple 
and requires a minimum of floor space. 
naterials: Electric welded steel or forged 

semi-steel inner volute case; bronze fit- 
tainless steel shaft. Special materials for 
rvice requirements. 


BYRON JACKSON CO. 
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FACTORIES Los Angeles and Fresno, 
Calif.; Houston, Texas; Bethlehem, Pa. 


MOLTEN SALT PUMP 


Capacity Range: 600-20,000 gpm. 
Head Range: 20-70 feet. 
A special purpose low and medium head propeller 
type pump for use in Houdry Catalytic Cracking 
units for handling molten salts having a temperature 
range of from 700 to 1000° F. This pump consists 
of a single or multi-stage pumping element sy. 
pended on a welded steel discharge column 
terminating at the upper end in a steel baseplate 
on which a motor or gear set is mounted to form 
@ unit structure. Being of the submerged type, it 
is self-priming. Check valves, or other extraneous 
apparatus not required. The pump case, suction 
bell, and diffusion vanes are separate castings, 
bolted together. Combination suspension and 
discharge column consists of welded steel outer 
pipe in which the discharge elbow is incorporated, 
This unit is constructed of steel throughout and is 
heavily reinforced to prevent distortion from heat, 
Easily adapted to cracking unit and unusually long 


lived. 


STRIPPER PUMP 


Capacity Range: 600-2500 gpm. 

Head Range: 30-400 feet. 
Designed for close stripping of barges, tanks and/or 
other vessels this vertical pump handles gasoline 
and other light fuels in an ideal manner. This unit 
is a multi-stage type pump having a special priming 
stage located at the bottom and connected to the 
main pumping element by a vapor chamber. This 
priming stage is capable of pumping air or vapors 
The pump is vertical and is installed in a welded 
steel well or barrel. Either vertical motor, gear o 
turbine drive can be used. The particular advar- 
tage of this pump is its self-priming ability. Wher 
unit is started liquid from the well is forced throug’ 
the priming stage into the vapor chamber to ac 
as a seal for the priming stage. After being seale? 
the priming stage operates as a vacuum pump 
exhausting vapors or air from the suction line and 
discharging them through the vent line into the 
cargo compartment or tank. 


EERING offices in eA ced, Bey Va Gite], i adek 
, San Francisco, Salt Lake 
‘aso, Kansas City. P O.Box 2017 Terminal Annex 


LOS ANGEte€s 54, CA te 


THE SUBMERSIBLE Se ae 


Capacity Range: 25-6000 gpm. a ! ®. | 
Motor Sizes: 5-350 hp. = | 

ui 

e 


A combination of a deepwell bowl assembly and a 
Byron Jackson vertical induction motor with | 
patented features for sustained operation sub- — 
merged in a few or under hundreds of feet of ag 

water. Motor is suspended below pump bowls and 
connected with them through a heavy cast iron 
grid type strainer. Rotating element of bowl 
assembly is driven from the bottom where the 
extended shaft is coupled to the motor shaft by 
means of a steel coupling. Power is supplied to 
the motor through an armored submarine cable 
supported at 10 toot intervals on the column pipe 
and extending to starting equipment at the surface. 
Column pipe, from which motor and pump assembly 
are suspended, is supported at the surface by heavy 
combination surface plate permitting discharge | . 
elbow or vertical riser pipe to be eitechéd. Ability | 

of the Submersible to operate submerged is 

obtained through two major features—hydrostatic f 
balance and a mercury seal. This pump is ideal for 

remote, concealed or difficult to reach locations. 





| 
THE DEEPWELL PUMP | 


Capacity Range: 25-7000 gpm. 
Head Range: 10-600 feet. 


Widely varying well diameters, capacities, heads, i 
etc., are covered by three distinct types of bowl 
assemblies, each having different performance ; 
characteristics. .Bowl assembly sizes are for in- j : 
stallation in wells of 6 to 24 inches or larger. Sev- 
eral impeller designs are available for installation, 

for each size in each of the three types, providing 9h ee 
more than 100 individual impeller designs of differ- ' 4? 
ent hydraulic characteristics. Type "K" is designed 
Or general use where average conditions prevail. 
Type "B" is designed for use where relatively high * 
heads and pressures are involved. Type "R" bowl a 
assemblies are designed for pumping large capaci- % 
ties from wells of restricted diameter. Three types fa 
of discharge heads are available — Standard, > — 

1 





Heavy, and Extra-Heavy Duty. Head contains a 
: discharg elbow; forms the base from which the 
Pump is hung and provides a mounting for the 


driver. Al discharge heads designed to mount 

either vertical hollow shaft motors; right angle in 
gear drives; steam turbines; or pulley attachments, 

either flat or "V" belt types. 





New York 


42 


noper:Bessemer V-Ang 


1 Cooper-Bessemer GMX 
and GMV are as modern as tomorrow's proc- 
essing methods, completely in tune with the 
exacting demands of difficult or highly ad- 
vanced processing work. 


Weigh these GMX and 
GMV advantages: 


VERSATILITY to power an exceptionally wide variety 
of compressor cylinders for any gas at any combina- 
tion of pressure and volume within the horsepower 
range. 


RESPONSIVENESS that permits the exact control of 
output . . . made possible by exclusive, precisely timed 
"Silent Scot'’ fuel injection, ‘‘streamlined"’ scavenging, 
perfectly balanced load distribution, and choice of 
ignition systems to meet individual needs. 


Hy, 


| 


' 
E 


AUTOMATIC CONTROL, made unusually effective 
by exceptional responsiveness, and by utilizing the 
latest advances in engineering practice. Included, 
where desired, is the patented, fully-proved Cooper- 
Bessemer system of interposing speed control between 
successive steps of unloading, to give a straightline 
control over virtually 100% demand and to extend 
the advantages of automatic speed control far below 
previously practical limits. 

COMPACTNESS that means a new low in space needs 
as well as low housing and installation cost . . . due 
largely to V-angle design, 2-cycle operation, articu- 
lated connecting rods, and the exclusive use of tough, 
bulk-reducing Meehanite Metal. 

DEPENDABILITY to give the month-after-month ‘'‘on- 
stream'’ performance most desired. The outstanding 
reliability of these rugged units is already well proved, 
the result of a host of advanced and exclusive features. 


Yes, your compressor requirements for today 
and tomorrow can be met ideally with Cooper- 
Bessemer V-angles, and with utmost economy 
and service satisfaction. Send for descriptive 
Bulletin No. 338 on the GMX, 200 to 400 hp; 
Bulletin No. 337 on the GMV, 400 to 1000 hp. 


Compressors 


Washington Bradford, Pa. 


Parkersburg, W. Va. 


xy 


San Francisco, Cal. Seattle, Wa 
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® 200 to 400 HP 
6 and 8 cylinder 
sizes 


® 400 to 1000 HP 
8 and 10 cylinder 


sizes 


Cooper-Bessemer 


MOUNT VERNON, OHIO AND GROVE CITY, PENNA 


ton, Ballas, Greggton, Pampa and Odessa, Texas Tulsa Shreveport St. Louis Los Angeles 
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ATTAPULGUS 
LLERS EARTH 


dvantages of a consolidated filtering operation using a single, 
burpose adsorbent are becoming obvious to more and more 
ners. A variety of products—ranging from white oils to heavy 
bes—can be simultaneously percolated in one filter house. To do 
is may require a rescheduling of the operating cycles based on 
installed equipment— “order of the day” for Attapulgus’ experienced 
engineers. What it does require is a flexible, efficient, across-the- 
board adsorbent—Attapulgus Fullers Earth. 


For you, it could work like this. Charge new, burned clay to a filter 
for one use in white oil service. Then, apply the clay to an average 
of six uses in percolating such products as turbine oils, neutrals, and 
waxes. And finally, this same clay will make eight to ten highly efficient 
filtrations on motor oil or heavy lube stocks—truly economic performance. 


{in these services, Attapulgus Fullers Earth gives high yields of prod- 
ucts displaying specification color, odor, taste, stability, and de- 
mulsibility. Operation requires but one adsorbent, one clay handling 
system, one burner, and a simple plan of surge bin space for 
burned clay storage. 


So, if you're going to make them all, let's get together for a detailed 
study of the problem. Our men and our adsorbent will help you get 
what you want—higher percolation yields and lower costs. 


ATTAPULGUS CLAY COMPANY 


DEPT. Y, 260 SOUTH BROAD STREET, PHILADELPHIA 1, PA. 
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LUMMUS ORGANIZATION AND SERVICES 


The Lummus Company offers to petroleum refiners 
and chemical manufacturers integrated services 
which extend from engineering surveys of existing 
facilities and economic studies to the initial opera- 
tion of refinery process units and chemical plants. 

Complete laboratory facilities including a wide va- 
riety of small and large scale pilot plants for all 
types of distillation, thermal and catalytic cracking, 
continuous coking, propane deasphalting, solvent re- 
fining and dewaxing, wax deoiling, and other proc- 
esses are available for evaluation of stocks to estab- 
lish all fundamental designs. Data obtained from 
pilot plant evaluations determine the yields and 
quality of the products desired as well as the optt- 
mum operating conditions for full scale plant design. 
Thorough process design is directed towards achiev- 
ing optimum operation and greatest profitability as 
well as towards providing flexibility and meeting 
customer’s special requirements. In addition, compe- 
tent project engineers in cooperation with process 
mechanical 


engineers and the customer establish 


specifications and equipment requirements and ar 





rangement to insure adequate performance of all this 
equipment as well as the entire plant, and finally 
direct the purchase of all material for shipment to the 
field in accordance with a predetermined construction 
schedule. 

Lummus has specialized in the design and con- 
struction of the heart of most petroleum and chemical 
units—a heater distinguished by many advantageous 
design features. Lummus designs and fabricates all 
tvpes of shell and tube heat exchange equipment, and 
operates a large pipe fabrication shop. 

Fabricated materials are inspected in the shops 
and the flow of these materials to the field is expe- 
dited and regulated as much as conditions permit 
so that the plant can be constructed in a minimum of 
time and with the most efficient utilization of avail- 
able labor forces. As construction of the plant ap- 
proaches completion, experienced Lummus operating 
personnel field test the equipment and plant in ac- 
cordance with customer’s requirements, and supervise 
the initial operation leading to the customer’s accept- 


ance on the basis of prearranged performance tests. 


LUMMUS BACKGROUND 


Lummus has had some sixty years of experience in 
the design and construction of chemical plant process 
units and twenty-five years in the petroleum refining 
field. Since the birth of chemical engineering prin- 
ciples, Lummus has applied distillation, heat transfer, 
and flow of fluids in modern chemical and petroleum 
plant designs. Lummus has pioneered in the com- 
mercial development of a number of successful proc 
esses including lube oil solvent refining and dewax 
ing, selective cracking, polyforming, catalytic 
cracking, and wax deoiling, as well as ethylene, 
styrene, butadiene, phenol, and azeotropic toluene 
production units, and has designed and built all types 
of plants required for the refining of petroleum. 

The comprehensive coverage in large volume of 
l.ummus’ experience in the petroleum refining and 
chemical fields is illustrated specifically by the fol- 
lowing enumeration of plants which have been in- 
stalled. In the chemical field Lummus has built over 
300 units including alcohol, benzol, phenol, ethylene, 
butadiene, and styrene manufacturing plants. The 


number of plants for the manufacture of motor gaso- 
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line and 100 octane aviation gasoline from petroleum, 
including crude distillation, thermal cracking, cata- 
lytic cracking, polyforming and polymerization units 
exceeds 170. In the lubricating oil field, Lummus has 
built over 90 process units employing solvent refin- 
ing and dewaxing, vacuum distillation, propane de- 
asphalting and clay finishing processes. 

Lummus performance includes quick delivery of 
completed plants with a record of long initial accept 
ance runs. Such records as twenty weeks from time 
of signing contract to complete on-stream operation 
for a solvent dewaxing plant, six months from time 
of signing contract to full scale operating perform- 
ance for a two-stage atmospheric and vacuum topping 
unit in South America, and over thirty day initial 
runs for six consecutive thermal cracking units, as 
well as over two hundred days initial run for a cata- 
lytic cracking plant are some indications of Lummus 
performance. Lummus operations extend world-wide 
and include plants built in all parts of the world from 
the Netherlands Indies all through Europe and Rus 
sia and the Near East, South America and China. 
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GASOLINE MANUFACTURE 


With gasoline production approximately 40% of 
crude run and quality ever on the increase, gasoline 
manufacturing processes represent the most impor- 


tant part of refinery operations. 


Catalytic Cracking 


Catalytic cracking was introduced in the petroleum 
refining field in 1938 and some one hundred plants 
were in operation with a total charge thruput of ap- 
proximately one million barrels per day by the end 
of the World War II. Since then these figures have 
been increased in the order of 10%. 

Catalytic cracking is being employed extensively 
for the conversion of heavy distillate fractions from 
crude oil into high octane number gasoline by once- 
through and recycle operations. This high octane cat- 
alytic gasoline in many refineries has become a major 
constituent of motor fuel blends and will become 
increasingly more important as engines designed for 


still higher compression ratios are brought into large 


scale production. Another important aspect of cata- 
lytic cracking is its ability to produce substantial 
volumes of home heating oil from feed stocks of 
higher boiling range while at the same time produc- 
ing no residual fuel oil. 

Virgin feed stocks for catalytic cracking units may 
be prepared by atmospheric and/or vacuum distilla- 
tion, flashing in the presence of steam, or by propane 
deasphalting. Valuable additional quantities of gasoil 
feed stock may be derived from coking or viscosity 
breaking of heavy residual components of the crude 
which, if charged directly to a catalytic unit, would 
cause disproportionately large carbon deposition in 
comparison with the gasoline yield. Catalytic crack- 
ing units are capable of charging unvaporizable 
liquids as well as completely vaporized feed stocks. 
Single pass yields of 10 lb. RVP gasolines usually 
vary from 40-50% depending upon the charging 
stock, catalyst, and other process variables, while re- 
cycling yields of 10 lb. RVP gasoline may vary from 
50-75% depending upon the aforementioned variables 


and the recycle ratio. 


High Octane Gasoline Plants, Including Catalytic Cracking, Combination Thermal 
Cracking and Thermal Polymerization Units 
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Small capacity catalytic cracking units designed for 
thruputs ranging from 2000-6000 barrels per day are 
now available and afford the small refiner the oppor- 
tunity to market gasolines of competitive quality. 
Such units have considerable flexibility as regards 
recycle ratio and cracking severity, as illustrated by 
a recently designed unit now under construction 
which will produce 72% of 10 lb. RVP gasoline hav- 
ing a clear ASTM octane of approximately 79. Cata- 
lytic cracking in general is characterized by high 
recoveries of liquid products with the absence of 
residual fuel oil production, high octane number 
gasolines, substantial yields of distillate suitable for 
home heating oil, simplicity of operation, and in- 
creasingly high on-stream, efficiencies. 

Lummus has built twenty-eight catalytic cracking 
units designed to process a wide range of charging 
stocks for the production of high octane aviation or 
motor gasolines. Many of these catalytic cracking 
units are supplied with synthetic bead catalyst manu- 
factured in a plant designed and erected by The 


Lummus Company. 


Thermal Cracking 


Although catalytic cracking has become a major 
gasoline producer in many refineries, thermal crack- 
ing units of all types continue to play an important 
role in refining operations. Thermal cracking units 
designed to process stocks selected according to 
boiling range and refractivity produce the highest 
yield of high octane number gasoline. Lummus ther- 
mal cracking units incorporating heaters with a wide 
degree of firing control and with separate heating 
and soaking sections can easily accommodate the cat- 
alytic cycle stock and heavy reduced crude cracking 
requirements that have been brought about by the 
installation of catalytic cracking facilities. Lummus 
viscosity breaking plants are well adapted to process 
heavy residues to high yields of gasoline and low 
viscosity-low pour fuel oil through the use of vacuum 
reduction and cut-back of the asphaltic residue with 
light cycle stock. Lummus has designed and built 
sixteen thermal cracking units, most of which were 
three-coil and four-coil combination units with vis- 
breaking, gasoil cracking and reforming coils. The 
performance record of delivery time and on-stream 


initial operation were outstanding for these units. 
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GASOLINE MANUFACTURE (Cont'd) 


Polyforming 


While the commercial history of the polyform 
process antedates catalytic cracking, this process 
continues to have an important role in processing of 
light hydrocarbons, naphthas, and gasoils for the 
production of high quality motor gasolines. 

The polyform unit is a self-contained plant de- 
signed to process, in addition to the naphtha or gasoil 
charge, propane and propylene produced in the proc- 
ess and also butanes and butylenes, depending upon 
refinery vapor pressure requirements and other con- 
siderations. The charge to the plant may also include 
outside propanes and butanes. The fractionating sys- 
tem consists of high pressure fractionator, a stabilizer 
and an absorber which afford the means to supply 
the liquefied light hydrocarbon compenent of the 
furnace charge without requiring any compression or 
refrigeration. The presence of these light hydrocar- 
bons in the furnace charge makes possible substan- 
tially more severe temperature and pressure condi- 
tions than can otherwise be achieved with the result 
that substantially higher gasoline octanes can be 
obtained. At the same time the temperature and pres- 
sure conditions are such that substantially all pro- 
pane, propylene, butanes, and butylenes may be con- 
verted to gasoline. Propanes and butanes produced 
in the process may of course be supplemented with 
extraneous condensibles. The large circulation of 
light hydrocarbons through the system exerts a sta- 
bilizing influence on the overall plant operation which 
contributes to the characteristic ease of operation 
obtained in these plants. 

Polyform gasolines are characterized by high re- 
search octane numbers and exhibit excellent road 
performance at all engine speeds. Naphtha polyform 
units charging a wide variety of heavy naphthas with 
and without extraneous propanes and butanes achieve 
substantially higher yields of higher octane number 
gasoline than is possible in conventional reforming 
units operating in conjunction with catalytic poly- 
merization facilities. In general, naphtha polyforming 
affords a flexible means for adjusting plant octane 
number and vapor pressure requirements by means 
of its ability to simultaneously process extraneous 
surplus butane-butylene and low octane number 
naphthas. The polyform process is also well suited 


for the processing of refractory catalytic cycle stocks 
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requiring more severe cracking conditions than can 
be obtained in conventional thermal cracking plants. 
10 lb. RVP motor gasoline yields ranging from 
60-80% have been obtained from virgin gasoils, while 
yields ranging from 50-70% may be obtained from 
catalytic cycle stocks with octane numbers ranging 
from 72-76 for the virgin stocks and somewhat 
higher for the catalytic cycle stocks. 

Lummus has built ten polyform units having a 
total circulation of 250,000 barrels per day, varying 
in size from 8,000 to 60,000 barrels per day of total 


circulation. 


Polymerization Processes 


In the field of gas polymerization, thermal and cat- 
alytic units which convert condensible light hydro- 
carbons to high octane polymer gasoline are avail- 
able. The thermal polymerization process converts 
saturated as well as unsaturated hydrocarbons 
whereas the catalytic polymerization process poly- 
merizes only the propylene and butylenes. Thermal 
polymerization gasoline yields range from 55 to 70% 
by weight according to the ratio of propanes and 


butanes, the degree of saturation and the operating 





conditions. Catalytic polymerization gasoline yields 
are substantially 100% by weight based upon the 
hydrocarbon disappearance, which amounts to more 
than 90% of the propylene and butylenes in the feed 


stock. 


Reduced Crude Processing 


The processing of reduced crude for the production 
of motor gasolines is largely dependent on the market 
demands for the various fuels. Thermal viscosity 
breaking which produces, in conjunction with further 
gasoil cracking, high yields of gasoline and market- 
able heavy fuel oil is frequently substituted by coking 
to further reduce heavy fuel oil production. Vacuum 
reduction and propane deasphalting with gasoil 
cracking are also used for the production of high 
yields of gasoline with low yields of heavy fuel oil. 
For the preparation of charge stocks for catalytic 
cracking units from heavy reduced crudes, the use 
of visbreaking, coking, vacuum flashing, and propane 
deasphalting must always be weighed from the point 
of view of carbon deposition on catalyst and life of 


catalyst. The processing of reduced crudes for lubri- 


cating oils is included in the section following. 





Solvent Refining and Dewaxing Lube Oil Plants 
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LUBRICATING OILS AND WAX 


With increased use of higher speed, higher com- 
pression automotive engines, as well as higher speed 
industrial machinery, the demand for better quality 
lubricating oils has gone hand in hand. The increas- 
ing trend towards the use of solvent deasphalting, 
refining and dewaxing, which had started prior to the 
war and which was postponed for four years, is now 
reestablishing itself. 

A very popular lubricating oil processing system 
for maximum production of quality lubricating oils 
with minimum investment and operating costs, and 
maximum flexibility, includes vacuum distillation to 
low percent bottoms, propane deasphalting this mini- 
mum bottoms, single solvent refining the distillate 
cuts from the vacuum unit as well as the deasphalted 
oil, solvent dewaxing, and clay finishing of:each of 
the blending stocks. Lummus has built a large num- 
ber of complete lube oil plants incorporating these 


processes. 


Vacuum Distillation 


A recent Lummus complete lubricating oil plant 
included a two-stage vacuum unit for making raw 
distillate lube oil cuts which when solvent refined, 
dewaxed and clay finished, were suitable for blending 
directly into SAE grade lube oils. The features of 
this unit are the well fractionated cuts, low pressure 
drop in the towers, and the excellent color of the 
lube cuts. Lummus has built thirty-five vacuum dis- 
tillation units for a wide variety of services through- 


out the world. 


Propane Deasphalting 


Propane deasphalting for separating asphalt and 
resins from residual lubricating oil by precipitation 
in propane solution may be carried out in counter- 
current settlers or by the use of a counter-current 
extraction tower. Propane deasphalting makes pos- 
sible a higher yield of heavy lubricating oil from a 
reduced crude than is possible with vacuum distilla- 
tion. Aviation lubricating oils may be produced by 
this process in conjunction with single solvent refin- 


ing and solvent dewaxing processes. 
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Solvent Refining 


Single solvent refining for removing selectively the 
objectionable constituents from charge oil and there- 
by improving the viscosity index may be applied to 
a wide range of stocks from very paraffinic through 
mixed base to extremely naphthenic materials. Single 
solvent refining units show the advantage of selective 
refining by ability to vary the solvent dose for the 
different raw vacuum distillate and deasphalted cuts, 
Lummus has built and has under construction 
twenty-two lube oil solvent refining plants with a 
total charge oil capacity of about 55,000 barrels per 
day and thruputs ranging from 350 to 6,000 barrels 


per day. 


Solvent Dewaxing 


Solvent dewaxing for removing wax constituents 
from lubricating oil stocks has been widely accepted 
for the production of specification low pour oils. 
While this process was well established before the 
war, many refinements such as stepwise injection of 
solvent with an attendant reduction in overall solvent 
requirement and continuous deoiling for wax pro- 
duction have been added. Some advantages of the 
process are the narrow spread in temperature be- 
tween filtering temperature and pour of pressed oil 
as well as between the cloud and pour points. The 
process operates successfully on all types of waxy 
oils, either raw or solvent refined, over the entire 
range from spindle oils through cylinder stocks, and 
from low melting crystalline waxes to high melting 
point micro-crystalline waxes. Lummus jobs include 
thirty solvent dewaxing plants ranging in capacity 
from 400 to 6,000 barrels per day and with a total oil 


charge in excess of 55,000 barrels per day. 


Emulsion Deoiling of Wax 


The emulsion deoiling process for the reduction of 
high oil content slack wax (40-50% ) in one-pass opet- 
ation to 15% and in two-pass operation to 5% 18 
finding application in the production of crystalline 
waxes. This partially deoiled wax is then charged 
to a conventional sweater thereby increasing the wax 
production capacity of this plant. Installations range 
in capacity from 200 to 2,500 barrels per day and 


have all been built by Lummus. 
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PETROLEUM CHEMICAL PLANTS 


With the realization of the possibilities of petro- 
leum as a cheap source material for the manufacture 
of many chemical products, the petroleum and chem- 
ical industries have joint interests. Petroleum is now 
employed in the production of many chemical prod- 
ucts such as styrene, butadiene, phenol, toluol, alco- 
hols, acetic acid, ketones, esters, resins, plastics, and 
solvents. In some instances the petroleum industry 
has gone into the manufacture of many of these 
chemicals, and substantial petroleum chemical manu- 
facturing enterprises have been developed. In other 
situations the chemical industry has located large 
chemical manufacturing establishments convenient to 
oil refineries with which contracts have been nego- 
tiated for the supply of petroleum raw materials. 

The development of petroleum as a source material 
for chemicals manufacture is accompanied by the de- 
velopment of new large scale manufacturing tech- 
nique. This results in low overall manufacturing costs 
and therefore lower prices to the consumer. Although 
to date a substantial petroleum chemical industry 
has already been developed, this industry is on the 
threshold of further expansion, and excellent oppor- 
progressive refiners and chemical 


tunities await 


manufacturers. 











Typical. of such operations is the manufacture of 
ethylene for use as an intermediate in the production 
of chemicals and plastics. Ethylene, and by-product 
propylene if desired, may be economically produced 
in large volumes by the pyrolysis of propane, ethane, 
and gasoils or reduced crudes. Lummus has designed 
four plants for the production of ethylene from petro- 
leum having a total output of nearly half a million 


pounds per day. 


The Lummus Company with a broad background 
of experience in the design, engineering and con- 
struction of chemical plants, petroleum refineries, 
and petroleum chemical plants is available for the 
development of projects for the production of raw 
materials from petroleum sources and the planning 
of process units for the manufacture of specific 
chemicals. 

The three 50,000 ton butadiene plants built by 
lLummus have already demonstrated capacities in 
150%. 


have exceeded design expectations. These plants are 


excess of Recoveries and purity of product 


capable of making low cost butadiene equivalent to 


15 to 60 million passenger car tires per year. 





Ethylene Plant, 100,000 Pounds Per Day 
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located in 


The 


New Jersey, are well equipped with analytical, pilot 


Lummus laboratories Bayonne, 
plant and shop facilities and are staffed with experi- 
enced personnel for conducting all types of process 
investigaiton. 

Complete analytical and small scale distillation 
facilities are available for crude oil, reduced crude oil 
and intermediate and finished product evaluations. 
The laboratory actively operates twenty continuous 
distillation systems, the largest capable of 5,000 gal- 
lons per day for atmospheric topping of crude oil, or 
2,000 gallons per day for vacuum fractionation of 
reduced crude oils, and sixteen batch fractionation 
systems ranging from 25 litre capacity to a unique 
still capable of analyzing 1 cc. 

The laboratory is equipped to establish funda- 
mental design data for vacuum reduction, visbreak- 
ing, coking and propane deasphalting, all used for the 
production of cracking plant charge stocks. 

Complete pilot plants are in constant use for full 
scale study of the manufacture of the entire range 
of lubricating oils. These include continuous units for 
atmospheric and vacuum distillation, propane de- 
asphalting, furfural and phenol refining, solvent 
dewaxing and clay finishing. These pilot plants estab- 


lish the yields, product quality and the design data 


Ww 


Propane Deasphalting Pilot Plant 


LABORATORY AND PILOT PLANT FACILITIES 


Ww 









construction and operation 


required for the design, 


of commercial plants. 

The size of these pilot plants facilitates the prepa- 
ration of large samples of raw, semi-processed and 
finished lubes for complete evaluation of commercial 
lube oil characteristics and full scale engine tests, 

Lummus laboratories have conducted over the past 
half century extensive development work for the 
chemical process industries for such products as alco- 
hols, acids and esters. More recently, Lummus has 
projected for the petroleum chemicals industry pilot 
plant work for such products as styrene, butadiene, 
phenol, toluene, resins, plastics and solvents into 
full scale commercial production. 

A large proportion of the laboratory equipment is 
fabricated in the laboratory’s own shop at Bayonne. 
This permits an opportunity for prompt translation 
of the process needs into semi-plant apparatus. The 
translation of semi-plant to commercial scale opera- 
tions is facilitated by the employment of Lummus 
plant operators on the pilot plant equipment. A com- 
petent mechanical crew is constantly engaged in the 
building of new pilot scale equipment and in its modi- 
fication and maintenance. 

To amplify its petroleum services, Lummus has 


the active cooperation of licensor laboratories. 


Ww 









THE LUMMUS COMPANY 
420 Lexington Avenue, New York 17, N. Y. 


he PA MAPS 


CHICAGO—600 South Michigan Avenue, Chicago §, Il. 
HOUSTON-— Mellie Esperson Bidg., Houston 2, Texas 
LONDON —78 Mount Street, London, W. 1, England 
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= of publication of the Process Handbook of PETROLEUM 
| REFINER gives the industry an opportunity of evaluating its technical progress 
is over the war period. Security dictated secrecy over a five-year period, with 





the result that this compilation of manufacturing processes makes an impres- 
sive total in comparison with the compilation of 1942. 

_ Of more significance than the increase in totals, however, is the nature of 
this growth. For the first time petro-chemical processes are offered. The 
manufacturing division of the industry now has proof that both refinery and 


a- ¥ Spies . 
natural gases can be converted into chemical intermediates, accomplishments 
us which have long been accepted as possible. 


The other oustanding difference is the number of catalytic processes now 
available. It should be recalled that the first catalytic-cracking process was 
he made public less than nine years ago. During the war period these processes 
di fulfilled every prediction of the methods, while the application of this type 
of reaction came into vogue for accomplishments far removed from the crack- 
ing operation. 
as Another noticeable development is the readiness with which the industry 
already has shifted some of its new processes from wartime requirements 
into peacetime accomplishments. Ammonia from methane came into wide 
adoption as a source of explosive ingredients. The process now has application 
as a source of fertilizer ingredient. Equipment which provided toluene as 
another explosive ingredient now give industry its selected solvents. Styrene 
still serves the chemical-rubber program while it is providing the raw material 
for plastics. 

Of the petro-chemical developments the conversion of natural gas into 
motor fuel is perhaps the most impressive. This issue of the Process Handbook 
for the first time gives some of the details by which the Fischer-Tropsch 
conversion has been adapted to natural gas ‘as a starting material. Although 
this development doubtless leads industry’s potential methods of providing 
assurance of motor-fuel supply, other new processes are of equal value from 
a scientific viewpoint. 

Compilation of the processes would have been impossible without the co- 
operation of their licensors. Editors of PETROLEUM REFINER are grateful to 
the personnel of these organizations for help in the compilation. In most 
instances even the older processes are represented by revised flow diagrams 
and descriptions in keeping with recent development. The assistance of engineering 
staffs, which have provided the new drawings of the older processes as well 
as drawings for the processes now having their first publications, deserves 
especial thanks. 

Acknowledgment also should be made of the suggestions that have come 
along looking to the improvement of the processes. These could not be incor- 
porated for this issue, but they are available for adaptation as conditions 
justify in succeeding presentations of the processes that are serving the 
petroleum industry. Most of these diagrams as well as the descriptions were 
provided for only the Process Handbook. They are used with the understanding 
that reproduction is not permissible except by permission from the publisher as 
well as the process owner. 





4 April, '947—Process Handbook Section {163} 97 











Absorption Oil Purifying System 





PETROLEUM ENGINEERING, INC. 


: accompanying flow diagram shows an Oil 
Purifier Unit used in absorption plants, in the petro- 
leum and coke-oven-gas industries. In the latter in- 
dustry, absorption plants are used for extracting 
liquid aromatics from coke-oven gases. 

This unit continuously removes suspended solids, 
waxes, gums and the higher mol-weight undesirable 
hydrocarbons from the circulating stream of absorp- 
tion oil. Undesirable solids and heavy liquids accumu- 
late continuously in the purifier unit and are periodi- 
cally withdrawn from the system and discarded. The 
undesirable material is removed from the purifier 
unit, while hot, in form of heavy sludge, sometimes 
so viscuous it could not be removed unless hot. 
Ordinarily it has the consistency of road oil and 
frequently is used for that purpose around the plants. 
In coke-oven-gas plants withdrawal is frequent as 
compared to plants in the oil industry due to the 
nature of the gas processed. In natural-gasoline ab- 
sorption plants, withdrawal may be every two weeks 
or possibly once a month. 

In most plants it is possible to keep the absorption 
medium practically water white. This results in clean 
heat-transfer surface, oil coolers, heat exchangers and 
preheaters. Clean heat transfer apparatus means 
higher still and lower absorber temperatures, and 
improved efficiency. 

Since heavier hydrocarbons are removed from the 
absorption oil, the result is a lower molecular weight, 
and therefore more efficient absorbent. Such an oil is 
easier to strip, so less process steam may be used or 
better stripping obtained with the same steam. 

The purifier unit is operated in conjunction with 
the conventional still, may be considered a simple 
still, but it does not incorporate a condenser. The 
stripping section of the regular absorption-plant still 
serves as the condenser. Distillation is carried on 
at a temperature and pressure approximating the 
base temperature and pressure of the absorption 
still with which it works. The temperature is main- 
tained by use of an internal heating bundle heated 
by steam or hot oil. All or the greater portion of 
the open process steam which is to be used in 
the plant still is passed through the purifier unit. 
Since the quantity of material evaporated in the 
purifier unit is relatively small as compared to the 
amount of material evaporated in the main still, the 
quantity of process steam passed through this unit 
is proportionately large. This means that absorption 
oil can be distilled under temperature and pressure 
conditions that would not be economical for separate 
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distillation. Vapors from the purifier unit pass 
through a mist extractor and into the normal strip- 
ping steam connection of the absorption-plant still. 
These vapors are principally steam, but include a 
substantial quantity of oil vapors. The steam per- 
forms the usual function in the absorption-plant still 
and the oil vapors are recondensed on the stripping 
trays. In being recondensed these oil vapors give up 
heat at a point in the main still where the addition 
of heat is useful. 

The quantity of oil distilled in this unit depends 
upon temperature and pressure, the quantity of the 
steam passed through the unit, and the physical char- 
acteristics of the oil remaining in the unit. Distilla- 
tion rate gradually tapers off during the period of 
concentration of heavier materials in the purifier and 
it is the usual practice in most plants to dump the 
purifier unit when the distillation rate has been re- 
duced to around 0.5 or 1.0 percent of the total plant 
circulation. Distillation rate can be checked by pass- 
ing a sample of the purifier vapors through a con- 
densing coil and comparing the quantity of water 
with oil condensed. 

The only automatic control is a liquid-level con- 
troller, which maintains a level in the unit by admit- 
ting oil from the plant system as fast as oil is evapo- 
rated and released. No control is applied to the 
heating medium. If steam is used for heating, the 
full line pressure is allowed on the bundle, and the 
rate of distillation is not limited. In most plants, dis- 
tillation rate is considerably higher than necessary 
for maintenance of absorption-oil condition. There is 
no reason however, for limiting the performance of 
the unit since its operation is advantageous to the 
operation of the main still in that heat is added to 
the stripping section. 

No separate process steam is used. Whether steam 
or hot oil is used, the heat is recovered in the strip- 
ping section of the still. It may therefore be con- 
sidered that the only extra plant utility required is 
heat lost in radiation from insulated surface. Heat 
radiation from the unit proper and hot piping that 
otherwise would not be installed in the plant, is 
negligible. 

This oil purifier (patented) is designed and built 
by Petroleum Engineering, Inc., of Houston and 
Tulsa. 

Since the initial tryout of this unit, this purifier 
has been incorporated as standard in absorption 
plants constructed by Petroleum Engineering, Inc., 
and several other plant designers. It also has been 
added to plants built before its inception in 1940. 
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Acetic Acid From Alcohol Process 





E. B. BADGER & SONS COMPANY 


A HIGH-STRENGTH crude acetic acid is obtain- 
able from ordinary commercial grades of ethyl] alco- 
hol (180-190 proof) by this process. The crude acid 
produced is readily refined to glacial acetic acid. 
Some processes, such as esterification, can use the 
crude acid directly without further purification. 

The production of glacial acetic acid consists of the 
following steps: 

1. Oxidation of alcohol to acetaldehyde. 

2. Acetaldehyde recovery. 

3. Oxidation of acetaldehyde to acetic acid. 

t. Refining of crude acid. 

The alcohol-air mixture from the carburetor passes 
to the acetaldehyde generator where the alcohol is 


oxidized to acetaldehyde. The reaction is carried out 
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in the vapor phase at elevated temperatures and in 
the presence of a silver-gauze catalyst. The acetalde- 
hyde is absorbed in alcohol and then concentrated by 
distillation. Acetaldehyde then is fed continuously to 
the converter where it is blown with air. The reaction 
takes place in the liquid phase and at moderate tem- 
peratures in the presence of manganese acetate as a 
catalyst. The crude acid containing water, organic 
esters and a very small amount of catalyst, is refined 
to glacial acetic acid by distillation and evaporation. 

It is well known that commercial ethyl alcohol can 
be produced utilizing ethylene recovered from refin- 
ery gases as the primary raw material. This process, 
therefore, makes the manufacture of either acetalde- 
hyde or acetic acid from refinery gases a commercial 


possibility. 
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Adsorptive Gas Dehydration Process 





HOUSTON OIL FIELD MATERIAL COMPANY 


|, a dehydration of gases by the use of 
granular desiccants is a recent development in petro- 
leum processing. Adaption of activated bauxite to this 
service as here described follows the design of a unit 
by Houston Oil Field Material Company, Houston, 
Texas. It will serve in either field use or in plant 
use. In the latter the fuel for the furnace can be 
either gas or steam in keeping with plant operating 
economies. 

The process, illustrated by the accompanying flow 
diagram, requires that wet gas first be run through a 
separator at controlled temperature and pressure, so 
droplets of oil and water can be removed and reduce 
the liquid load on the desiccant and lessen the chance 
of fouling it. 

The gas enters the expansion chamber of the 
separator, where it is given a circular motion through 
a baffle plate covering the inlet. This motion gives 
the gas its initial centrifugal and impingement scrub- 
bing. As it leaves this chamber it passes through a 
mist extractor where it gets a second and opposite 
centrifugal and impingement scrubbing. Liquid thus 
removed drains to the bottom of the separator. 

From the separator the gas goes into the contactor, 
entering at the top and passing downward through 
a bed of activated bauxite, where remaining hydrates 
are removed. The contactors are designed with a di- 
ameter to give the gas a flow of 60 feet per minute 
while empty. By assuming a desiccant adsorption of 
5 percent, 1 pound of water adsorbed per 20 pounds 
of desiccant, the quantity of bauxite necessary for 
each contactor can be determined. Contactor height 
is determined from contactor diameter and the vol- 
ume of adsorptive material. 

Contactors are so designed as to increase the 
height slightly in order to allow some free space be- 
tween beds of the desiccant, which is supported on 
two trays with the free space between to counteract 
channeling. 

Both contactors and separators are constructed ac- 
cording to API-ASME codes for unfired pressure 
vessels, and are of multi-layer construction. 
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Dry gas passes from the contactor to plant use 
or to transmission line for distribution. 

For flow control, an adjustable choke is used on the 
incoming gas stream between the line separator and 
the contactor. On the up-stream side of this choke, 
approximately 15 percent of the incoming gas is 
diverted by means of a second adjustable choke, so it 
can serve for regeneration purposes. The two adjust- 
able chokes are used so as to assure proper pressure 
differential for regeneration. This diverted portion of 
the gas is heated to 450° F. and passed through the 
saturated contactor. This heated gas revaporizes the 
liquid adsorbed in the bauxite and carries it out of 
the vessel. Since the gas being dried passes through 
the bed from the top downward, its liquid content 
is higher upon entry. Consequently the regenerating 
gas enters the bottom of the bed and removed liquid 
at the top, thus reducing the time necessary for re- 
generation, since the liquid does not have to be driven 
through the whole desiccant bed. 

From the contactor the regeneration gas passes 
through the tube section of the heat exchanger, where 
it is cooled by dry gas flowing through the shell. 
Cooled gas passes through a separator to remove 
liquid collected in the contactor, after which it is in- 
troduced into the incoming gas stream on the down- 
stream side of the adjustable choke, with sufficient 
pressure to force it into the gas stream, so it can pass 
through the drying contactor with the wet gas and 
thus be fully dehydrated. 

Constant temperature for regeneration is provided 
by having a recording temperature controller in the 
hot-gas line at the furnace and connected to a throttle 
valve on the fuel line to the burner. Another record- 
ing temperature controller is installed on the hot-gas 
outlet on the contactor and connected to a positive 
shut-off valve on the fuel line. When the outlet tem- 
perature on the contactor reaches 325° F. fuel to 
the furnace is automatically shut off, since this tem- 
perature is sufficient to remove moisture from the 
bauxite bed 
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Alkylation Acid Regeneration Process 





CHEMICAL CONSTRUCTION CORPORATION 


‘Sus CHEMICO Alkylation Acid Recovery Proc- 
ess is a development of Chemical Construction Cor- 
poration, New York. This method converts spent 
alkylation acid, regardless of its strength and carbon 
content, into new, water-white H,SO, of any desired 
concentration. The system can also make additional 
acid from elemental sulphur or sulphur gases, either 
alone, or while spent acid is being reclaimed. 

In brief, the process decomposes the spent alkyla- 
tion-acid mixture by burning. The hydrocarbon con- 
tent acts as fuel, and the acid itself breaks down into 
sulphur dioxide and water. The sulphur dioxide then 
is cooled, scrubbed, and passed into a contact acid 
plant, from which it emerges as new sulphuric acid, 
usually 98 percent H,SO,. 

\s shown in the diagram, the spent acid is pumped 
from a storage tank through an atomizing burner to 
the furnace, which is a brick-lined steel shell. The 
acid is decomposed at approximately 2000° F. with 
additional fuel or high oil sludges supplementing the 
hydrocarbons of the spent-acid mixture, if necessary. 
Preheated air is used for combustion, If desired, mol- 
ten sulphur or hydrogen sulphide gas from other 
sources also can be burned in the furnace to supply 
heat and produce additional SO,,. 

From the furnace, the gases pass to the recupera- 
tor, a tubular heat exchanger, and are cooled to 1200 
F. The extracted heat is used to preheat the air fed 
into the furnace. From the recuperator, the gases go 
to the scrubbing tower. This tower is of steel, lined 
with sheet 
packed with spiral rings. Circulating dilute acid cools 


lead and acid-proof masonry, and is 


the gases to 250° F. and also washes out any dust 
which may have blown over from the furnace. 

Next step is the cooling tower which is like the 
scrubbing tower, except it is not packed. The gases 
are cooled in this tower to 100° F. by water spray, 
and then go to the Cottrell mist precipitator.: The 
SO, that dissolves in spray water of the cooling 
tower is removed in a stripping tower which is a 
lead-lined steel shell packed with spiral rings. A 
current of air passing through the water displaces 
the SO, gas which is returned to the main gas stream 
flowing to the precipitator. 

In the precipitator all the sulphuric acid mist in 
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the gas stream is electrostatically removed and sent 
back to the scrubbing tower. The gas now is passed 
through a drying tower which has 93 percent sul- 
phuric acid circulating over spiral ring packing. This 
acid is supplied from a pump tank and is cooled to 
desired temperature by cooling coils on its return 
to pump tank; sufficient 98 percent acid is constantly 
added to maintain the drying acid at 93 percent. As 
the dried gas leaves the drying tower air is added to 
reduce the SO, content to 8 percent, and the diluted 
gas is transferred through a centrifugal blower to 
primary and secondary heat exchangers for heating 
to 825° F. 

Ready now for conversion, the heated gas enters 
the primary converter. This is an insulated steel 
shell containing layers of vanadium catalyst. The 
SO,, in contact with the catalyst, is oxidized to SO,, 
and rises in temperature to 1150° F. The hot gas is 
piped back to the hot side of secondary heat ex- 
changer where it is cooled again to 825° F., the ex- 
tracted heat being transferred to the incoming SO,- 
and-air mixture entering the converter. The cooled 
gas goes now to the secondary converter and again 
is passed over vanadium catalysts to make sure all 
SO, is oxidized. This second oxidizing procedure 
generates more heat, which is removed by passing 
the gas through the hot side of the primary heat 
exchanger where the heat is absorbed by the SO, 
and air approaching the converters. 

The SO, gas, at 250° F., now enters the absorption 
tower, a steel shell structure lined with acid-proof 
masonry and packed with spiral rings. The SO, is 
absorbed by the 98 percent acid circulating through 
the tower from the strong-acid pump tank and strong- 
acid cooling coils. Part of the 98-percent acid cir- 
culates back to the drying tower to maintain the dry- 
ing acid at 93 percent and bring the absorbed water 
over to the absorption tower where it forms H,SO, 
with the SO, gas being absorbed. Additional water 
is added as required. 

The storage tank receives the newly formed %5- 
percent acid as it is drawn off from the strong-acid 
cooling system. 

In getting the system started, heat is supplied to 
the converters by an external starting-up furnace. 
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Ammonia From Natural Gas 





LION OIL COMPANY 


ae of natura! gas into ammonia came 
into wide application during the war period as a 
source of explosive ingredients. One of these plants, 
Ozark Ordnance Works was operated by Lion Oil 
Company, El Dorado, Arkansas, and has since be- 
come a peacetime activity of the company, which 
now produces anhydrous ammonia, aqua ammonia, 
ammonia-ammonium nitrate solutions as well as am- 
monium nitrate fertilizer, from natural gas, air and 
water. 


This process description and the accompanying 
flow diagram were provided by the Chemical Divi- 
sion of the company and represent expanded opera- 
tions of the war-built plant. From a product view- 
point the process consists of three parts: manufac- 
ture of anhydrous ammonia, manufacture of nitric 
acid, and the finishing of fertilizer. 


Steps in the manufacture of anhydrous ammonia 
include preparation of the raw (suction) gas at the 
reform plant, purification of the suction gas, and 
fixation of the purified hydrogen-nitrogen mixture in 
the synthesis operation to form ammonia. Reforming 
of natural gas is accomplished by passing a mixture 
of gas and steam downward through tubes and over 
a nickel catalyst at 725° C. Air is added to furnish 
nitrogen, the oxygen being consumed by hydrogen, 
and simultaneously a portion of the residual methane 
is converted into hydrogen by secondary reforming. 
The water-gas reaction carried out in the CO con- 
verter in the presence of iron oxide catalyst then 
accounts for the remainder of the hydrogen produced 
in the reform step. 

Suction gas containing approximately 20 percent 
impurities (CO,, O, and CO) is first scrubbed with 
water at 225 pounds pressure to remove most of the 
carbon dioxide. Then the gas is scrubbed with am- 
moniacal copper ammonium formate-carbonate solu- 
tion and then 5 percent caustic at 1800 pounds pres- 
sure for removal of remaining carbon dioxide, all of 
the oxygen, and all but a trace (10 ppm) of carbon 
monoxide. 

In the synthesis loop the purified process gas 
(make-up) and recycle gas both enter the oil filter at 
5000 pounds pressure, pass to the cold exchanger, 
thence to the secondary or ammonia-cooled con- 
denser, back to the cold exchanger, and then to the 
ammonia converter where, by exchange with the hot 
exit gases, the inlet gas is heated and enters the 
catalyst bed at 450° C. Passing through the catalyst, 


106 {172} 


fixation of the hydrogen and nitrogen takes place at 
5000 pounds pressure and a hot-spot temperature of 
525° C. Only a portion of the hydrogen-nitrogen is 
converted, the converter inlet gas containing 2.5 per- 
cent ammonia and the outlet 12.5 percent. An iron 
catalyst promoted with aluminum and potassium 
oxides is used in the conversion of the hydrogen- 
nitrogen mixture to ammonia. The gas passes from 
the converter to the primary or water-cooled con- 
denser, from which it enters the primary separator, 
and then goes to the circulator for recompression, and 
delivery of the recycle gas to the oil filter. Anhydrous 
liquid ammonia is continuously drawn off the cold 
exchanger and primary separator. 

The process for manufacturing nitric acid com- 
prises three steps: ammonia oxidation, secondary 
oxidation and absorption. In the first step an am- 
monia-air mixture at 60 pounds pressure is passed 
over a hot platinum-rhodium gauze, maintained at 
900° C., and burned to nitric oxide (NO). The gases 
are cooled and then pass to the oxidation tower 
where the introduction of secondary air produces the 
nitrogen dioxide (NO,). This material then is ab- 
sorbed in water by means of a system of absorption 
towers, circulating pumps, and trickle coolers to form 
56 to 57 percent nitric acid. 

In the manufacture of the ammonium nitrate fer- 
tilizer nitric acid (56-57 percent) first is neutralized 
with anhydrous ammonia to form an 83-percent am- 
monium nitrate solution. This solution is concen- 
trated in a vacuum evaporator and the melt charged 
to a pelletizing tower. The pelleted material is 
removed, dried, cooled, and coated to produce the 
desired storage and drillability qualities. The latest 
design which industry affords is incorporated into 
the process and a superior product is obtained. 

A unique feature in the design of the Lion plant is 
that natural gas is used throughout as the prime 
source of power. Such includes its use as fuel in the 
primary reform furnaces, as fuel at the steam plant, 
and as fuel for driving gas engines. These gas en- 
gines, 54 in number, are housed in the compressor 
building and represent nearly 60,000 horsepower. All 
the engines are-1000-horsepower each with the excep- 
tion of 11 1000 K.W. engines used on electric-power 
generation. Twenty-four of the engines are used on 
process gas compression, 5 on refrigeration, 6 on aif 
compression for nitric acid, and 8 for driving water 
pumps in the water scrubbing operation. 

The chemical plant is operated as a division of 
Lion Oil Company. 
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Azeotropic Fractionation Process 





UNION OIL COMPANY OF CALIFORNIA 


iarecrc fractionation is a special type of 
distillation process adapted to the separation of a 
mixture of compounds that can not be readily seg- 
regated by the more conventional distillation pro- 
cedures. Such mixtures may be composed of either 
(1) components having essentially the same boiling 
points such as heptane, boiling point 98.5° C., and 
methyl cyclohexane, boiling point 100.9°C., or (2) 
components that form azeotropes among themselves 
such as cyclohexane and benzene which give a con- 
stant boiling mixture (azeotrope) distilling at 77.7° C. 
The usual petroleum fractions encountered in normal 
refinery practice represent a combination of both ot 
the above conditions. In many cases, essentially pure 
compounds can be recovered from such mixtures by 
adding a carefully chosen material, termed an azeo- 
trope former, which will alter the relative vapor pres- 
sures of the components in such a manner that upon 
distillation one of the components is obtained sepa- 
rately from the others. 

The production of nitration-grade toluene from 
petroleum fractions, an operation which was con- 
ducted on a large scale during the war, is a typical 
example of the advantages of azeotropic fractiona- 
tion. Toluene occurs naturally in the distillates from 
certain crudes and the quantity can be considerably 
increased by the catalytic treatment of such distil- 
lates. However, even under the best of conditions 
when applying conventional distillation procedures, 
the maximum toluene concentration which can be 
obtained is the order of only 70-90 percent, depend- 
ing upon the recovery desired. On the other hand, 
by adding a mixture of methyl ethyl ketone and 
water to these toluene-containing distillates, it is a 
relatively simple matter to recover toluene of 99+ 
percent purity with yields in excess of 95 percent. 
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The accompanying flow diagram, detailing the re- 
covery of toluene from petroleum fractions, is illus- 
trative of azeotropic - fractionation technique gen- 
erally. 

Referring to the flow diagram, the toluene-con- 
taining fraction and the azeotrope former, a mixture 
of methyl ethyl ketone (MEK) and water, are intro- 
duced into the azeotroping column. The constant- 
boiling mixtures of non-aromatic hydrocarbons, wa- 
ter and MEK pass overhead, giving a bottoms of 
substantially pure toluene. However, in order to 
meet Army specifications for nitration-grade toluene, 
a light acid treatment is required and the acid- 
treated material then is rerun in a finishing column 
to give a product of the desired quality. The overall 
recovery of toluene, based on the toluene present in 
the feed stock, is above 95 percent. 

The overhead product from the azeotroping col- 
umn is washed with water to recover the MEK. 
The dilute MEK solution from the extraction tower 
passes to a recovery column where the MEK-water 
mixture used as the azeotrope former is distilled 
overhead and recycled to the azeotroping column. 
The water from the bottom of the recovery column 
recycles directly to the extraction column. 

While the azeotropic process has been described 
for the segregation of toluene from a petroleum frac- 
tion the same general procedure is applicable to the 
treatment of many other mixtures such as the re- 
covery of benzene and xylenes from petroleum frac- 
tions, the separation of aromatic hydrocarbons from 
thiophenes, paraffins from naphthenes, alcohols from 
ketones, etc. Detailed information on specific prob- 
lems can be obtained from Union Oil Company of 
California, Los Angeles. 
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Butadiene Process 





STANDARD OIL DEVELOPMENT COMPANY 


Th oep development of commercial processes for 
the manufacture of butadiene resulted from the re- 
quirements of the wartime synthetic rubber program. 
Butadiene by the catalytic dehydrogenation of nor- 
mal butane or butylene previously had been the sub- 
ject of considerable research and pilot-plant work. 
In going from butane to butadiene it appeared that 
there would be some advantage in operating the 
process in two stages, while from butylenes a single- 
process stage was possible. Wartime demands of 
butylenes for gasoline production by alkylation and 
polymerization processes were heavy, but large-scale 
commercial development of catalytic cracking prom- 
ised sufficient yields of unsaturates to meet require- 
ments, and finally determined the choice of the one- 
stage route, using butylenes as the feed stock. 

In the catalytic dehydrogenation of butylene, the 
principal process problem centers about the reactor. 
The design is complicated from the engineering 
standpoint by the requirements imposed by the chem- 
ical nature of the reactant and product, and by the 
thermodynamics of the reaction. The most serious 
limitation in process design is the tendency for buta- 
diene to polymerize and ultimately to degrade to 
coke and hydrogen. This can be minimized by operat- 
ing at hydrocarbon partial pressures of the order of 
90 to 100 millimeters. The low partial pressures can 
be attained by low-pressure operation or by the use 
of an inert gas as a diluent. 

To obtain reasonable butylene conversion, reaction 
temperatures above 1100° F. have been found neces- 
sary, but to avoid thermal cracking of the butylenes 
in heaters and transfer lines temperatures should not 
be in excess of 1300° F., so that for practical purposes 
the operating temperature range is 1150° to 1250° F. 
at a superficial reactant residence time of about 0.2 
seconds. Because of the above considerations, it is 
necessary to carry out the reaction at about 25-30 
percent conversion per pass and at reduced butylene 
partial pressure in order to prevent butadiene de- 
gradation and excessive by-product formation. An 
additional problem is presented by the fact that the 
reaction is highly endothermic, requiring an external 
heat source of about 725 Btu/per pound of butenes 
converted. 

One commercial solution of these problems em- 
ploys steam as a heat conveying medium to provide 
sufficient heat capacity to reduce temperature drop 
through the reactor to a workable range, 50-75° F., 
and simultaneously lower butylene partial pressure 
to the desired range of 100 millimeters. Excessive 
butylene temperatures are avoided by superheating 
the steam diluent above the reaction temperature and 
mixing it with the hydrocarbon preheated to 100- 
200° F. below reaction temperature just before it con- 
tacts the catalyst. An important advantage is that 
steam reacts with coke to form water gas at the tem- 


110 = {176} 


peratures employed for dehydrogenating butylene, 
allowing regeneration of the catalyst by steam alone. 

A catalyst stable and active in the presence of 
steam was a requisite for the steam-dilution process, 
dehydrogenation catalysts used in early development 
work not being satisfactory from this standpoint. 
Extensive laboratory and pilot-plant tests resutled 
in development of a suitable catalyst for this process, 
which also gave higher butadiene yields and lower 
by-product formation than previously known cata- 
lysts under similar conditions. 

The dehydrogenation process as finally developed 
is indicated on the flow sheet, and utilizes two single 
fixed-bed reactors, with equal cycle times on reaction 
and regeneration. Butylene from storage is preheated 
by means of heat exchange and a furnace to not over 
1100° F., while the diluent steam is superheated to 
some 1300° F., and jet-type mixers are employed for 
contacting the two streams directly over the reactor- 
catalyst bed. A 25-pound pressure drop is taken across 
the mixing nozzles to insure adequate mixing energy. 

Reaction products are quenched to below 1000° F. 
as they leave the catalyst bed by means of a pumped 
stream of condensate. The hot reactor effluent is 
further cooled in a waste-heat boiler and a series of 
quench towers, a condensate containing the bulk of 
the C, hydrocarbons finally being charged to a frac- 
tionator for stabilization by separation of a light 
overhead stream and to a rerun tower where a poly- 
mer bottoms stream is produced and the crude buta- 
diene is condensed as an overhead product in con- 
junction with other C, hydrocarbons, this mixture 
constituting the feed to a subsequent purification 
process step where commercial butadiene is produced 
by extraction with cuprous salt solutions, or by other 
means. 

Non-condensable vapors from the cooled reactor 
effluent condensate separator are passed through an 
absorber for recovery of C, hydrocarbons. Oil from 
the reactor effluent quench system is in a closed cir- 
culation system, but is maintained in satisfactory 
condition by means of a small make-up feed stream 
and a lean-oil stripper which continuously eliminates 
a small bottoms stream to slop. Reactor effluent 
polymer from the rerun tower is also rejected to 
slop. Steam generated in the waste heat boiler is 
utilized as dilution steam feed to the steam super- 
heater furnaces, in conjunction with high-pressure 
steam from outside sources. Water condensed from 
the reactor effluent in the water separator is stripped 
of any volatile hydrocarbon contaminants in a water- 
stripping tower and is then discharged to a water- 
blowdown system. ; 

The above data and the accompanying flow dia- 
gram are available here through cooperation of Stand- 
ard Oil Development Company, New York. 
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Isomerization Process 





THE M. W. KELLOGG COMPANY 


‘br E isobutarie requirements during the war for the 
alkylation of olefins was far greater than the avail- 
able supply from natural or cracking sources. Cata- 
lytic processes were, therefore, developed to isomer- 
ize the more abundant normal butane to isobutane. 

Practically all of the aluminum 
chloride as the catalyst with the aid of some pro- 
uses 


processes used 
moter. The process recommended by Kellogg 
aluminum chloride on a Porocel support as the cata- 
lyst and HCl as the promoter. 

Normal butane mixed with 2 to 5 percent HCl is 
passed in vapor phase over a fixed bed of aluminum 
chloride on Porocel at 250° to 300° F. and approxi- 
mately 250 psig. The pressure is set just below the 
minimum required to maintain the butane in the 
vapor phase. The effluent from the reactor goés to 
an HCl stripper from the top of which the HCl is 
recycled to the process. The bottoms from the strip- 


per, after being washed with caustic or water, are 
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sent to an isobutane tower to separate the isobutane 
product from the normal-butane recycle. If, as is 
usually the case, the isomerization unit is an integral 
part of an alkylation unit, the separation of isobutane 
from normal butane may be done in the isobutane 
tower of the alkylation unit. 

Catalyst life varies from 200 to 400 gallons per 
pound of aluminum chloride. At intervals, as the 
activity of the catalyst drops, additional aluminum 
chloride is sublimed on to the Porocel bed by passing 
a small portion of the reactor feed through alumi- 
num chloride drums. The Porocel bed usually lasts 
six to twelve months. HCl consumption is negligible. 

The conversion per pass averages around 40 per- 
cent. A negligible amount of propane and lighter 
gases is produced in the reaction, so that the overall 
isobutane yield on recycling is approximately 98 per- 
cent on net butane feed. 

Licenses for the butane isomerization process are 
available from The M. W. Kellogg Company. 
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Catalytic Alkylation Process 





THE M. W. KELLOGG COMPANY 


aces. ats0n as practiced by the petroleum in- 
dustry is the catalytic method of combining an iso- 
paraffin (usually isobutane) with an olefin (propy- 
lene, butylene or amylene) to produce saturated iso- 
compounds. The product of the reaction—alkylate— 
has a high-octane rating and is therefore employed as 
a blending agent in aviation and motor gasoline. It 
also has high heat value, giving it more power than 
other hydrocarbon fuels. 

The catalyst used is either sulfuric acid or hydro- 
fluoric acid. Yields and quality of products with 
either catalyst are essentially the same. The majority 
of the installations, however, employ the lower-cost 
sulfuric acid since it is less corrosive and the spent 
acid can be re-used in other refinery treating opera- 
tions. 

In the Kellogg flow sheet, the olefin is dissolved 
in concentrated sulphuric acid and violently agitated 
with an excess of isobutane at a temperature of 
84-45° F. and a pressure several pounds above atmo- 
spheric. Under these conditions, the reaction proceeds 
readily. 

Since the réaction is highly exothermic, the heat of 
reaction is removed by auto-refrigeration. Conditions 
are maintained at the bubble point of the mixture 
and a sufficient amount of hydrocarbon is allowed to 
vaporize to cool the mixture to the control tempera- 
ture. The vaporized hydrocarbon is compressed, con- 
densed and returned to the system. 

The product of the reaction is separated from acid 
in the center section of the combination reactor- 
settler and after caustic treatment is pumped to the 
isobutane tower. 

The isobutane overhead from this tower is returned 
to the process while the alkylate bottoms containing 
any normal butane present in the original feed is sent 
to a debutanizer tower where butane is removed as 
an overhead product. The alkylate bottoms usually 
are separated in a rerun tower into a light aviation 
cut and a heavy alkylate. 

The major factors affecting product quality and 
other operating results are: 

1. Reaction Temperature 

2. Olefin Concentration 

83. Isobutane Concentration 

4. Acid Strength 
Each of these factors will be discussed briefly. 

1. Reaction Temperature 

The lower the temperature at which the reaction 
is carried out, the better the quality of the alkylate 
and the lower the acid consumption. On the other 
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hand, below 35° F. the sulfuric acid-hydrocarbon 
emulsion tends to get so stiff as to make operations 
difficult. 

2. Olefin Concentration 

The lower the concentration of olefin is kept at any 
time, the lower is the tendency toward polymerization 
and the higher the tendency toward alkylation. This 
is effected by circulating large volumes of emulsion 
as compared with the amount of material in the re- 
actor, and controlling the addition of olefins so as 
to maintain this low concentration. 

3. Isobutane Concentration 

Normal butane does not enter into the reaction 
and is a harmful diluent in the sense that it reduces 
the chances for contact between the isobutane and 
the olefin-bearing acid. It is, therefore, advisable to 
keep the isobutane concentration in the reactor as 
high as possible. 

4. Acid Strength 

While 98 percent is the strength of the acid 
usually added to the process, a more important factor 
is the average strength of the acid contained in the 
reactor. In the case of butylenes and propylenes, this 
strength should not be less than 90 percent. In the 
case of amylenes, the acid strength can drop to 85 
percent without seriously affecting the quality of 
the alkylate. 

Most of the alkylation units in this country were 
designed for operation on butylenes. This olefin gives 
the best product quality and the lowest acid con- 
sumption. The same units, however, also can be used 
for alkylating propylenes and amylenes. Typical re- 
sults are given in the following table. 


Typical H.SO, Alkylation Results 


| Butylenes 











Propylene Amylenes 
Alkylate—Volume Percent on Olefin 170 170 160 
Isobutane—Volume Percent on Olefin 110 125 110-120 
Acid Consumption—Lb. per gal. Alkylate 0.7 3 1-2 
ASTM Octane rating of Alkylate 94 89 90 
Reid Vapor Pressure of Alkylate—Ib./sq. in. 3-4 5 2 
End Point of Alkylate—°F. 350 350 350 


—— 











Because the sulfuric acid is of high concentration 
and the plants are operated at below atmospheric tem- 
perature, corrosion is negligible and steel equipment 
can be used throughout. Individual requirements vary 
widely and the economics depend largely on the 
availability of the raw materials at low cost. 

The M. W. Kellogg Company, New York, has been 
appointed licensing agent for the process for the 
United States and foreign countries. Licenses granted 
are under the patents and patent rights of Texaco 
Development Corporation, Standard Oil Develop- 
ment Company, Shell Development Company, and 
Anglo-Iranian Oil Company, Ltd. 
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Catalytic Cracking Process 





UNIVERSAL OIL PRODUCTS COMPANY 


‘Wax fluid-catalytic-cracking process is adaptable 
to the needs of large and small refiners. Units de- 
signed by Universal Oil Products Company, in ca- 
pacities ranging from 2600 to 18,000 barrels a day, 
have been in successful operation for years. VOP im- 
proved fluid-catalytic-cracking units can be built and 
operated at costs comparing favorably with the cost 
of thermal-cracking units of comparable capacity. 

Development and commercialization of the fluid 
catalytic cracking process marks an important for- 
ward step in petroleum refining. It produces gasoline 
of a different character from that produced by ther- 
mal cracking. 

The process is flexible both as to charging stock 
and products. It can successfully crack kerosine, light 
or heavy gasoil and some types of reduced crude. It 
can be operated to produce either aviation gasoline, 
high-grade motor gasoline or raw materials for the 
production of chemicals and synthetic rubber. 

Principal modifications in the improved unit as 
compared to the units of earlier design are: 

1. The reactor and regenerator have been combined in a 
single tower which is erected as a self-supported column and 
completely shop-fabricated for moderate-sized units. The 
heavy structure required in the earlier units has been elimi- 
nated. 

2. The large regenerator riser has been eliminated, and the 
regenerator standpipe has been considerably shortened. There 
has been a general reduction and simplification of small 
piping. 

3. Efficiency of both the reactor and regenerator has been 
improved by the use of additional distribution grids in each 
section. 

4. The air supplied for combustion passes through the 
regenerator countercurrent to the catalyst. This readily per- 
mits multistage stripping and total utilization of oxygen. 

The oil feed is charged as a liquid at the base of 
the reactor riser, while hot catalyst from the regen- 
erator enters the riser at the point of oil injection, 
supplies the process-heat requirements and is trans- 
ported upward by the vaporized oil into the reactor. 
Spent catalyst is continuously withdrawn from the 
upper part of the reactor dense-phase to hold a level 
in the reactor, and passes downward through the 
stripping section into the regenerator. Three zones 
are available for stripping in this design. The strip- 
ping medium is injected at the bottom of both the 
internal and the external strippers. Additional strip- 
ping of the spent catalyst is obtained in the upper 
section of the regenerator where the bulk of the flue 
gas from the combustion of coke in the lower sec- 
tions contacts the incoming catalyst. The catalyst 
passes downward through the regenerator counter- 
current to the air supplied at the bottom for re- 
generation. 

Regenerated catalyst flows from the lower section 
of the regenerator to the reactor riser at a rate con- 
trolled to maintain a constant reactor tempera- 
ture. The regenerator flue gas is vented to the at- 
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mosphere through an internally mounted cyclone 
separator which recovers entrained catalyst. The hy- 
drocarbon products from the reactor pass to the 
fractionator likewise through an internally mounted 
cyclone separator which recovers entrained catalyst 
and returns it to the catalyst bed. 

3y building the regenerator below the reactor it 
is now possible to pass the air for regeneration 
countercurrent to the flow of catalyst. With the 
countercurrent flow and staging of the regenerator 
with grid plates the oxygen content of the outlet 
gas can be reduced to % to 1 percent while in previ- 
ous units two to three times as much unused oxygen 
normally escapes from the regenerator. This feature 
of the new design was not possible in the older 
units. 

The latest type unit can utilize either synthetic or 
natural catalyst. In its most simple design synthetic 
catalyst which has a microspherical form is used. 
Because of the spherical shape of the particle and 
its greater strength as compared with the ground 
powdered catalysts used during the war, this catalyst 
has very low erosion and attrition rates. In addition, 
the M.S. catalyst is much more uniform in particle 
size than the ground catalyst. With the reduced for- 
mation of fines by attrition, plants using M.S. cat- 
alyst can dispense with ‘secondary catalyst recovery 
while still maintaining a low catalyst loss. 

Economic consideration of market requirements 
and operating costs will govern the choice of catalyst. 
The silica- alumina catalyst gives the highest octane 
number but a lower gasoline yield, while somewhat 
more gasoline having a lower octane number is pro- 
duced from the silica-magnesia catalyst. The natural 
catalyst gives a gasoline yield and octane rating in- 
termediate to the values obtained by the two syn- 
thetic catalysts. 

The accompanying table shows the yields ob- 
tained in pilot-plant once-through and recycle crack- 
ing of 31° API Mid-Continent gasoil over silica 
magnesia catalyst. . 


Fluid Catalytic Cracking 31° API Mid-Continent Gasoil 
(Silica-Magnesia Catalyst) Pilot-Plant Results 


— ——————— —— 











Once- 
OPERATION Through Recycle 
Conversion, percent. . : a 65 80 
Yields, Volume, percent: 
Debutanized gasoline 53.0 66.0 
Cycle oil 35.0 20.0 
Butylenes 6.0 6.7 
Butanes 6.0 53 
Propylene 3.8 4.1 
Propane. . . ‘ 1.8 1.8 
Ce and lighter gas, weight percent 2.3 2.7 
10 tb. RVP catalytic gasoline 55.9 69.5 
10 lb RVP polymer line. . 6.6 74 
Total 10 lb. RVP gasoline. . 62.5 76.9 
Octane Numbers of 10 Ib. Catalytic Gasoline: 
Motor method clear (F-2).... 79.8 79.1 
+ 3 ce TEL/Gal. 86.1 85.0 
Research method clear (F-1) 89.6 90,2 
+ 3 cc TEL/Gal. 96.2 96.4 
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Catalytic Desulfurization Process 





UNIVERSAL OIL PRODUCTS COMPANY 


Edens stinreation of petroleum distillates is 
becoming of greater importance as the use of high- 
sulfur crudes becomes more widespread. Sulfur re- 
duction of gasoline is of great interest because of the 
improved octane number and response to tetraethy] 
lead that can be effected thereby. 

Certain inexpensive naturally occurring adsorptive 
clays exert a selective catalytic activity toward de- 
composition of the sulfur compounds found in petro- 
leum distillates at a temperature below which crack- 
ing of the hydrocarbons takes place. This phenome- 
non is the basis of a desulfurization process devel- 
oped by Gray Process Corporation. The process is 
simple as to equipment, easy of operation and gives 
excellent results. 

This process, licensed by Universal Oil Products 
Company, finds its widest application in desulfuriz- 
ing straight-run distillates. 

The stock to be desulfurized is charged through 
heat exchangers to a heater where it is vaporized and 
heated to about 700° F. The heated vapors pass 
directly to the catalyst tower wherein the sulfur com- 
pounds are decomposed to hydrogen sulfide. Effluent 
vapors from the catalyst tower pass through the 
charge heat exchanger and are then condensed. Hy- 
drogen sulfide is removed by any of the conventional 
methods and the desulfurized product sent to storage. 

If straight-run gasoline is treated, rerunning the 
product is not necessary, unless it is desired to re- 
cover a light and a heavy fraction for blending pur- 
poses. 

If stabilization of the raw straight-run gasoline is 
required for light-ends removal, the stabilizer can be 
located after the desulfurizing unit, in which case 
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hydrogen sulfide will be removed with the stabilizer 
gases. 
Sulfur reduction depends upon catalyst activity 


(being greater for fresh clay) temperature of catalyst 
bed, distillation range of stock and type of sulfur 


compounds present. For most straight-run gasolines, 
extent of desulfurization will range from 60 to 9§ 
percent of the total sulfur in the charge. 

Octane number improvement over the raw gaso- 
line ranges from 1 to 3 numbers without tetraethyl 
lead and may be as high as 12 numbers on the gaso- 
line at the 3 cc tetraethyl lead level, depending on 
sulfur content and boiling range of the material 
treated. Some isomerization of straight- to branched- 
chain hydrocarbon seems to occur on certain stocks 
as the extent of sulfur removal cannot always account 
for the octane number improvements obtained. It is, 
therefore, pertinent to examine stocks that do not 
seem to merit consideration from a sulfur standpoint 
alone. On some high-sulfur straight-run stocks, this 
process may compare favorably with reforming from 
a leaded octane standpoint. 

Since the process decomposes organic sulfur com- 
pounds to hydrogen sulfide and a hydrocarbon mole- 
cule, with only the hydrogen sulfide being removed, 
volumetric losses are extremely low—usually in the 
range of 0.5 to 1 percent. 

Operating costs exclusive of amortization will 
vary from 6 to 15 cents per barrel treated, depending 
upon local utility values, amount of hydrogen sul- 
fide to be removed, and method of hydrogen sulfide 
removal. Clay life when treating straight-run stocks 
ranges from 5,000 to 30,000 or more barrels per ton. 
This long life keeps the cost of clay so low that 
regeneration is not economical and is seldom prac- 
ticed. 
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Catalytic Polymerization Process 





THE M. W. KELLOGG COMPANY 


Ck ier polymerization is a process for 
chemically uniting the propylenes and butylenes pro- 
duced by thermal or catalytic cracking to produce a 
liquid which is an excellent component of motor and 
premium gasoline, and, after hydrogenation, of avia- 
tion gasoline. 

Under normal circumstances the average refiner is 
able to include an appreciable amount of butanes in 
motor gasoline, but he usually has excess C,’s over 
and above this amount. Consequently, it is usually 
economic to polymerize propylene and butylene, and 
merely use the remaining saturated butanes for Reid- 
vapor-pressure fortification. Such catalytic polymer- 
ization moves propylenes and butylenes from fuel 
gas into the hydrocarbon group boiling in the gaso- 
line range. 

The catalyst employed in Kellogg units is copper 
pyrophosphate. It has a normal life of 100-150 gallons 
of polymer per pound of catalyst. 

The liquid stream of C, and C, hydrocarbon re- 
actants from the gas-recovery system is first treated 
to remove hydrogen sulfide and then washed with 
caustic to remove mercaptan sulfur. It is then heated 
to 300-400° F. and introduced into the reactor which 
is kept at about 900 psig to maintain the material in 
the dense phase. 

After the reaction occurs, the reactor effluent pro- 
ceeds to conventional stabilizing equipment as follows: 

The hot product gases leaving the reactor ex- 
change a portion of their heat to the incoming charge 
and then pass to a depropanizer where propane and 
any unconverted propylene is routed either to plant 
fuel or to bottled gas. The depropanized product 
flows to a debutanizer where butanes are removed, 
leaving the high-octane polymer gasoline as the bot- 
tom product. The butanes produced are used for 
motor-fuel-blending purposes. 

Essentially there are two types of operation, de- 
pending on the feed stock. 
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(a) Codimer Operation, which is polymerization of 
butylenes only and which uses a hydrocarbon feed 
stock of essentially 100 percent C,’s. The operation 
usually is carried out at temperatures on the order of 
300°.F. The product, called codimer, is unsaturated, 
but when hydrogenated has a clear ASTM octane 
number on the order of 95 and is, therefore, a very 
acceptable component for aviation gasoline. 

(b) Motor Fuel Operation, uses for a feed stock 
mixtures of C,’s and C,’s and the operation usually 
is carried out at approximately 375-400° F. The 
polymer is unsaturated and has a clear octane of 
about 83 ASTM and 96-98 CFRR. Its blending value, 
however, is considerably over 100 by either rating 
method when the percentage in the blend is not more 
than 10 or 15 percent. 

A common type of reactor is the tubular reactor 
which is essentially a heat exchanger in which the 
tubes are filled with catalyst and surrounded by a 
bath of gasoil which is circulated to remove the heat 
of reaction. The reaction temperature is auto- 
matically controlled. 


Typical Catalytic Polymerization Results 








Codimer | Motor Fuel 





Operation | Operation 
Conversion, percent of Olefin...... 5 aibah ace ake 80 90 
Octane No.—ASTM Clear. . ; Find 95 83 
Octane No.—CFRR Clear.. Scan } 96-98 
ie 8 OS 2.0 | 2.0 
IBP of Polyimer, °F... .. 148 | 170 
EP of Polymer, °F... ..... 421 | 431 
Gravity of Polymer, °API | 60.4 | 60.1 











Licenses are available from The M. W. Kellogg 
Company. Licenses are granted under the Polymer- 
ization Process Corporation patents, and patent 
rights of Phillips Petroleum Company, Standard Oil 
Company (Indiana), Standard Oil Company (New 
Jersey), The Texas Company, and The M. W. Kel- 
logg Company. 
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Chiorex Solvent Refining Process 





CARBIDE AND CARBON CHEMICALS CORPORATION 


Tia (B. B’-Dichlorethyl ether) is a col- 
orless liquid of ethereal and not unpleasant odor. 
Aside from the desirable property of high selec- 
tivity, this solvent is particularly well adapted to 
plant-scale usage. High specific gravity permits rapid 
separation of the two phases formed with oils. Its 
boiling point is well below the vaporization temper- 
ature of motor oils, and its low vapor pressure pre- 
cludes the possibility of significant losses in storage. 
The freezing point of the material is so low that precau- 
tions are unnecessary. Since extraction with Chlorex is or- 
dinarily carried out within the temperature range of 50° to 
125°F. its low viscosity at these temperatures is a factor of 
importance. The flash point of the solvent is well above 
that considered hazardous. It is noninflammable at ordinary 
temperatures. It has been employed since 1933 on plant-scale. 


PROPERTIES OF DICHLORETHYL ETHER 
Structural formula Cl — CH;CH; — 0 — CH,;— CH;— Cl 


Boiling point (sea level), °F. (°C.) 352.4 (178) 
Freezing point, °F. (°C.) —61 (—51.7) 
Specific gravity at 20°/20°C 1.222 
Viscosity, centipoises at 25.5°C. 2.0653 
Viscosity, S U at 77°F. (25°C.) sec. 32 
Viscosity, S U at 32°F. (0°C.) sec. 39 

Vapor pressure at 100°F. (37.8°C.) mm. 2 

Latent heat of vaporization B.t.u./Ib. 

(cal./gram) 115.4 (64.1) 
Specific heat at 85°F. (29.4°C.) 0.369 
Flash (closed cup), °F. (°C.) 168 (75.6) 
Solubility in water at 20°C. % 1.01 
Solubility in water at 90° C. % 1.71 


The application of Chlorex to commercial production can 
be carried out with a minimum of investment. Optimum 
extraction temperatures are not greatly different from at- 
mospheric temperatures, so investment and operating cost 
for control of extraction temperature is low. 


Prior to the construction of plants a detailed laboratory 
investigation of the possibilities of the process was carried 
out. This indicated that motor oils far superior to those on 
the market could be made at a moderate cost. As a result 
the process was established on a commercial basis. 

On the opposite page appears a flow diagram of a Chlo- 
rex plant using conventional design of extraction equipment 
and vacuum distillation for continuous recovery of the 
solvent from the raffinate and extract solutions. Operation 
is as follows: 

The charge oil is pumped through a heat exchanger M, 
operated either as a cooler or heater, depending on wheth- 
er water or steam is circulated through the unit. Chlorex- 
extraction temperatures range from 60 to 125° F., depend- 
ing on the stock and the results desired. The rate of pump- 
ing the charge oil is under automatic flow control. The 
preheated or pre-cooled oil is mixed in the first-stage pipe 
mixer, with the extract solution (thrice-used Chlorex) from 
the second stage. This mixture settles in the first-stage 
settling tank. The extract solution from the first-stage 
settler is pumped, under automatic float control, to the ex- 
tract-solution distillation unit for continuous recovery of 
the solvent. The raffinate solution from the first stage flows 
under first-stage pressure, and is mixed in the second-stage 
pipe mixer with extract solution from the third stage. This 
mixture settles in the second-stage settling tank. Raffinate 
solution from the second-stage settler is mixed with extract 
solution from the fourth stage (once-used Chlorex) in 
the fourth-stage pipe mixer. This mixture settles in the 
third-stage settling tank. The raffinate solution from the 
third-stage settling tank is mixed with fresh Chlorex in 
the fourth-stage pipe mixer. This mixture settles in the 
fourth-stage settling tank. The final raffinate solution, from 
the fourth-stage, is pumped under automatic control to the 
raffinate-solution distillation unit for continuous recovery 
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of the solvent. When using more stages, the operation of 
the extraction equipment is the same as described above, 

A continuous countercurrent extraction tower for con- 
tacting Chlorex and oil was installed in one Chlorex plant 
in the fall of 1936. This tower, 5’ 6” in diameter and 67’ 
high, has performed efficiently with neutral charging rates 
up to 1000 barrels per day, and steam refined cylinder stock 
at a rate of 600 barrels per day with oil as the continuous 
phase and Chlorex as the dispersed phase. Oils of high 
pour point can be treated with Chlorex in towers of this 
type without mechanical difficulty of any kind by proper 
control of the temperature in the tower and the tempera- 
ture of the extract solution leaving the system. Important 
advantages of the countercurrent tower over a system of 
settlers and mixers, which have been confirmed by this 
installation, include lower solvent holdup in the extraction 
system, high stage equivalence and thus higher yields of 
oil of given quality, simplification of operation, lower 
investment and less space requirements. 

The solvent-recovery system is maintained under a vac- 
uum of 26 inches to 28 inches mercury, and the solvent 
is completely recovered from the oil at a maximum strip- 
ping temperature of 300 to 325°F. The distillation equipment 
shown is steam-heated. Direct-fired vacuum-distillation 
units are also being used for recovering Chlorex, and the 
choice of equipment depends to a large degree on whether 
sufficient live steam is available to operate the unit. 

The final extract solution from the first-stage settling 
tank passes through a heat exchanger, A, utilizing the heat 
in the stripped bottoms from the extract-distillation unit, 
kK. Further heat is supplied in a second heat exchanger, B, 
utilizing the heat in the hot Chlorex water vapors from the 
extract unit. Any additional heat required is supplied with 
a steam pre-heater, C. The extract solution enters the 
stripping column near the top. Open steam is applied at 
the bottom of the column. Re-boiler coils may be used to 
maintain the temperature throughout the column, which 
is a simple fractionating column with bubble trays. f 

The final raffinate solution from the fourth stage is heat- 
ed with bottoms and vapor heat exchangers, D and F, and 
a steam. pre-heater G. As the raffinate solution will con- 
tain only 15 to 25 percent solvent, the raffinate-stripping 
unit, R, is smaller than the extract unit, E, where the bulk 
of the solvent is recovered. Hot Chlorex water vapors 
from the extract and raffinate-solution distillation units 
pass through a water-cooled condenser, H—the condensed 
Chlorex and water flowing to a settling tank, K, where the 
solvent is separated from the water by gravity and re 
turned to storage. The water will be saturated with Chlo- 
rex with a solvent content of approximately 1 percent. 
This water is fed through a preheater to a small, packed 
column, which may be readily constructed from a piece 0 
casing. Open steam is added near the bottom. Water which 
is completely denuded of Chlorex flows to the sewer under 
automatic float control from the bottom of this tower, 
while the vapors which are rich in Chlorex pass to the 
raffinate-extract vapor condenser, H. A vacuum is main- 
tained on the system by means of a steam-jet vacuum 
pump. It is not necessary to operate the water-stripping 
column under a vacuum. A Chlorex plant of this design, 
for treating 1000 barrels of oil per day, will require a tot 
ground space not over 50 feet square. From 15,000 gallons 
to 20,000 gallons of solvent is adequate to place such @ 
plant in operation. 

Operating costs in plants with continuous vacuum-distil- 
lation equipment will run from 0.4 to 0.5 cents per gallon of oil 
charged, which includes steam, water, electricity, fue 
Chlorex ioss, maintenance, depreciation, and labor. In five 
Chlorex plants using vacuum distillation for recovering the 
solvent over-all losses have ranged from .04 to .08 percent 
of the total volume of Chlorex circulated. 

Chlorex is sold in tank cars. No royalty is added for the 
use of the process. Chlorex is sold by Carbide and Carbon 
Chemicals Corporation, 30 East 42nd St., New York, 
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Cobalt Molybdate Desulfurization Process 





UNION OIL COMPANY OF CALIFORNIA 


: an depletion of low-sulfur-content crudes in the 
United States is forcing refiners to employ increasing 
amounts of high-sulfur-content, low-quality crudes 
of which there are considerable reserves. To date, the 
utilization of these latter stocks has been largely in 
the form of blends with the sweet crudes normally 
used in refinery operations. The sulfur-containing dis- 
tillates have been handled by a variety of methods 
ranging from mercaptan removal only to mild cata- 
lytic reforming. However as the amount of high- 
sulfur stocks processed increases, the proportion of 
refractory thiophenes and thiophanes, largely un- 
affected by present treating processes, also is in- 
and definite need is arising for a more 
effective means of desulfurization. 

The Cobalt Molybdate Desulfurization Process has 
been developed as an answer to the limitations of 
existing procedures, It represents a versatile method 
of sulfur removal capable of handling all types of 
petroleum distillate stocks encountered in normal 
refining operations, and is capable of removing sulfur 
from even the most refractory compounds associated 
with these stocks. Fundamentally, the process in- 
volves the conversion of organically combined sulfur 
to hydrogen sulfide by contact with a catalyst con- 
taining cobalt molybdate in the presence of hydrogen. 
Cracked gasoline stocks containing 3 percent by 
weight or more of sulfur have been treated to give 
products of as low as 0.01 percent by weight of 
sulfur in yields of 99-100 volume-percent. Heavy gas- 
oil stocks containing as much as 5.0 percent by 
weight of sulfur have been reduced in sulfur content 
to 0.5 percent or even lower, and with high yields. 
The accompanying diagram presents a_ simplified 
process flow for a unit to handle coke-still distillate 
of about 4.0 percent sulfur content and containing 
approximately 30 percent of material distilling in the 
lubricating- oil range. Referring to the diagram, the 
feed stock and hydrogen are preheated by exchange 
against the hot reaction products. The exothermic 
heat of reaction is of sufficient magnitude to make 
the process independent of the preheat furnace ex- 
cept during start-up periods. The catalytic treatment 
may be conducted over a wide range of temperatures, 
but for maximum yield and desulfurization, a tem- 
perature in the neighborhood of 800° F. is employed. 
The reaction products after exchange with the feed 
are cooled and passed to a separator. The liquid 
product from the separator may be caustic-washed 
to remove traces of dissolved hydrogen sulfide and 
then sent to storage. The gas from the separator, 
containing hydrogen, hydrogen sulfide and small 
amounts of hydrocarbons, is treated in an oil absorp- 
tion unit at the reaction pressure and the separated 
hydrogen recycled to the reactors. 

For the treatment of coke-still distillate, a multiple 
reactor construction is employed, three reactors be- 
ing on stream while the fourth is being regenerated. 
Regeneration of the catalyst is accomplished in the 
conventional manner by adding air to a’stream of 
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inert combustion gas circulated through the catalyst 
bed. The characteristics of a typical coke-still dis- 
tillate and the products resulting from its treatment 
by the Cobalt Molybdate Process are given in the 
following tabulation: 


Characteristics of Feed and Products from Desulfurization 
of Coke oun Distillate 











Feed, | Gasoline Gas Oil 
Heavy Fraction | Fraction 
Coker Gas of of 
Oil Product | Product 
Yield, percent by Vol. based on Feed alec 8.4 91.1 
Gravity, °API at 60° F. 19.4 | 47.7 | 28.1 
ASTM Distillation pas a 2 
Initial ~s 482 164 | 489 
10 percent - ks 584 238 | 498 
50 percent , conven 699 320 | 612 
90 percent ‘i a ae 372 “an 
Maximum . ceaks 760+ | 392 760+ 
ec. percent 72.5 | 98.0 91.0 
Sulfur Content, percent by weight... 4.2 | 0.1 =| 0.5 
Acid Solubility, percent by Vol.. 100.0 37.5 | 50.0 
Knock Rating, CFR Motor Method:| 
Clear. a ka ¥e | 64.5 
3.0 ml. TEL gal 4 ee 76.5 ores 
Viscosity, SUS at 100° F ae S4 | 55 
Pour Point, °F ; . ‘a 65 — | 45 





The above is Riumnaties of only one type of ape 
cation of the Cobalt Molybdate Process. Cobalt 
Molybdate treatment is unusually flexible and, if de- 
sired, can be used not only to remove sulfur com- 
pounds but simultaneously to improve the octane 
rating of gasoline stocks. In all cases the gasoline 
products have excellent lead susceptibilities. The 
slik heavier than gasoline make good reforming 
and cracking stocks. 


Detailed information on specific problems can be 


obtained from Union Oil Company of California, Los 
Angeles 
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Continuous Contact Filtration 





FILTROL CORPORATION 


p INTACT filtration is a process wherein petroleum 
lubricating oils are rapidly and efficiently refined by 
the simple procedure of mixing oil directly with Fil- 
trol, the activated adsorbent made by Filtrol Corpora- 
tion, heating for a short period and then separating the 
decolorized oil from the spent cake. 

The superiority of this process over other methods 
of refining has been increased by recent improvements 
in equipment design and in bleaching adsorbents, which 
in turn have simplified the operation, improved product 
quality and lowered costs. Some of the major advan- 
tages which are now recognized are briefly summarized 
below : 

Continuity of Operation. The contact process as now 
developed permits continuous operation from start to 
finish. This advance has been accomplished largely as 
a result of recent improvements in equipment manu- 
facture. 

Large Throughput with Minimum Space and Equip- 
ment Requirements. Inasmuch as this process provides 
ready adjustment of contacting temperature it is obvi- 
ously possible to handle stocks of a wide viscosity range 
with but little effect on plant throughput. The cost of 
modern contact-plant installations is relatively low. 
Such a plant will occupy a space not greater than 80 
feet wide by 120 feet long. 

Ease of Switching from One Type Stock to Another. 
Due to the flexibility of the contact equipment and its 
small volume, changes from one type oil to another can 
be effected with minimum time loss. 

Low Labor Cost. A modern 2000-barrel-a-day contact 
plant can be operated with two men per shift. Equipment 
design has undergone improvement to the extent that 
substantially each unit of the plant can be controlled 
automatically. 

Rapid and Accurate Cost Analysis. Simplicity of the 
contact process makes it possible to obtain accurate daily 
cost data. Thus the management is constantly provided 
with true costs of the finished oils, either individually 
or collectively. 

High Quality Products. Uniform and predictable col- 
ors, superior casts, lower carbon residues, improved 
emulsion and oxidation tests, are among the outstanding 
merits of this process. The use of fresh and uniformly 
standardized adsorbent in the contact process eliminates 
the uncertainties. 

Adaptability to Other Refinery Processes. A contact 
plant can be used to clarify, decolorize, and/or neutralize 
lubricating oils whether they have been acid-treated, 
solvent-extracted or simply distilled. In addition to fin- 
ishing the normal production of such processes, the 
contact plant often is used to correct previous faulty 
refining. Sour oils are neutralized and decolorized in 
one operation, eliminating caustic neutralization and the 
accompanying disadvantages of emulsion formation and 
poor casts. 

Low Operating Costs. In a modern contact-filtration 
unit where adsorbent handling is accomplished by an 
automatic mechanical system, the operation cost aver- 
ages approximately $0.08 per barrel for a 2000-barrel- 
per-day plant. 


126 =: £192} 


Maximum Adsorbent Economy. The flexibility of 
modern design in a contact filtration unit combined with 
improved adsorbents enables the process to be operated 
under optimun conditions. This positive control of mix- 
ing, heating, filtering and stripping results in maximum 
adsorbent economy. Generally speaking, activated ad- 
sorbent efficiencies increase with temperatures, the opti- 
mum point being at or near the flash point of the con- 
tact oil. 

On the opposite page is a flow diagram of a con- 
tinuous contact plant presented through the courtesy of 
Filtrol Corporation, 634 South Spring Street, Los An- 
geles, California. After Filtrol has been added by means 
of automatic proportioning equipment to the oil change, 
the oil-Filtrol mixture enters a pipe-still heater where 
the maximum contact temperature is obtained in a once- 
through operation. From the heater, the slurry of oil 
and Filtrol enters a baffled vacuum stripping tower 
where a level is maintained regulating the time of con- 
tact. Steam sometimes is passed up the tower to facili- 
tate the stripping action. The slurry is drawn continu- 
ously from the bottom of the tower, passed through 
the heat exchanger utilized to heat the fresh-oil charge, 
and thence to a filter surge tank which acts as a reser- 
voir to feed the continuous precoat rotary filter. The 
filtered oil from this filter sometimes is charged to a 
high-vacuum stripper to furnish additional control of 
flash, odor, oxidation, and emulsion characteristics. The 
filtered oil finally is pumped through a blotter press 
which furnishes a polishing step before the oil is trans- 
ferred to storage. In a few cases where the conditions 
warrant it, the spent filter cake is extracted with naphtha 
to recover the small additional quantity of oil soakage. 

Filtrol addition, temperatures, rates, etc., are all sub- 
ject to automatic control in modern installations, hence 
long uniform runs are currently made without difficulty. 
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De Laval Acid Treating Process 





THE DE LAVAL SEPARATOR COMPANY 


: De Laval continuous acid treating process 
as developed by The De Laval Separator Com- 
pany, 165 Broadway, New York, N. Y., is applicable 
to the refining of the complete range of oils from 
cracked naphtha, pressure distillate, kerosene, etc., 
down to heavy cylinder stocks with viscosities as 
high as 200 S. S. U. at 210°F. 

A feature of this process is the De Laval Acid 
Sludge Separator of which several types are available. 
As this centrifugal separator instantaneously and 
completely separates the acid sludges from the vari- 
ous oils and continuously discharges both oil and 
sludge, the time of contact between acid and oil mav 
be carefully regulated to the optimum, rather than 
being determined by the length of time required for 
the sludge to settle by gravity. 

While the problem of acid treating light oils is 
somewhat different from the refining of heavy lubri- 
cating stocks, with the exception of a few details of 
design, the same equipment is in general, used. The 
continuous process has been made feasible by the de- 
velopment of a highly specialized centrifugal sepa- 
rator and, of almost equal importance. by the de- 
velopment of properly designed auxiliarv equipment 
to effect the proper treatment of the oil and at the 
same time to put it in such condition that the sludge 
can be most efficiently removed by the centrifugal 
machine. As the acid and oil are carefully metered, 
continuously mixed and subjected to a predetermined 
degree of mechanical agitation, the acid is more effi- 
ciently utilized with a consequent reduction in acid 
requirements. 

The proper control of contact time between acid 
and oil in the case of cracked distillates results in 
lower polymerization losses and lower loss of “anti- 
knock” rating during acid treatment: in the case of 
lubricating oil stocks re-solution of the sludge is 
eliminated with its resultant darkening and instabil- 
ity of the oil. Batch agitators with air agitation are 
eliminated with their attendant high maintenance, 
inefficient use of chemicals, inflexible operation and 
difficult disposal of hard, viscous sludges. 

Due to the more complete separation of the acid 
from the oil, in all cases there is a reduction in re- 
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fining losses ranging from 25 to 50 percent of those 
encountered when gravity settling is employed. 

The flow sheet presented here shows the equip- 
ment used in the treatment of lubricating oil stocks, 
With a few exceptions this same flow diagram ap- 
plies to the acid treatment of cracked distillates. 

The operating sequence is as follows: The oil is 
pumped from the raw oil tank at machine capacity 
through the tubular steam heater (or tank) and 
through the proportioning device which maintains 
the flow of acid into the oil at a predetermined rate. 
From the proportioning device the mixture passes to 
the mixing pump where the acid is thoroughly dis- 
persed in the raw oil. This mixing pump discharges 
into a reaction tank, preferably a closed vessel, where 
the volume is regulated to achieve the optimum re- 
action time. 

From the reaction tank the mixture of oil and 
sludge is passed direct to the centrifugal separators. 
Fach centrifuge discharges three components, name- 
lv. the sludge-free treated oil, the acid sludge and 
free acid. 

The important points of control affecting the opera- 
tion are: acid treat, treating temperature. degree of mix- 
ing, reaction time, and degree of separation. Of these, 
the first two are maintained automatically by conven- 
tional control devices. The mixing pump is especially 
designed to give the proper degree of mixing and agita- 
tion. The reaction time may vary from a. few seconds 
up to several minutes, seldom exceeding ten, and is de- 
pendent upon the nature of the oil being treated and to 
some extent the degree of agitation in the mixing pump. 

Discharge of the sludge and weak acid is accom- 
plished continuously so that there is no necessity of 
stopping the machines for bowl cleaning. Frequent ex- 
aminations of bowls in service have failed to reveal any 
accumulation of the semi-solid, non-plastic material, as- 
phaltic in nature, sometimes encountered in similar op- 
erations. Collecting hoppers on the separators are so de- 
signed as to facilitate the flow of sludge so that no back- 
ing up of the material is experienced. The machines are 
shut down for inspection at intervals of a week or $0. 
The sludge discharged from the centrifugal separator 1S 
less viscous and can therefore be disposed of more 
readily than that drawn from batch agitators. 
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Delayed Coking Process 





THE M. W. KELLOGG COMPANY 


| 5 een Coking is a continuous thermal- 
cracking process designed to produce clean (low 
Conradson carbon) catalytic-cracking feed stock from 
any type of reduced crude. A by-product of the proc- 
ess is a high grade of petroleum coke useful as a raw 
material in chemical industries. 

The overall effect of the process on modern refinery 
operation is to increase the yields of motor gasoline 
and diesel fuel per barrel of crude oil processed, and 
to reduce the percentage of fuel oil. 

There are at present about 13 Delayed Coking 
units operating or building in this country with a 
combined capacity of approximately 40 million bar- 
rels of reduced crude yearly. 

Feed to the unit is usually a heavy reduced crude. 
After heat exchange with the hot products the feed 
is pumped to the base of a bubble-tower fractionator 
where any light components are flashed off. The bot- 
toms of this bubble tower are pumped to a pipe fur- 
nace in which they are quickly heated to about 920° 
F. and discharged at a pressure of 10-70 psig into 
insulated coke drums to coke by their contained heat. 
The actual number of drums required is determined 
by the feed rate and carbon-forming characteristics 
of the reduced crude. At any given time half of the 
drums are coking and the other half are decoking. 
A specially designed transfer manifold utilizing an 
unusual switch valve makes it possible to feed any 
drum without coking liquid in lines or interrupting 
furnace operations. 

A mixture of liquid and vapor enters the bottom 
of the coke drums but only vapor leaves the top, all 
liquid being converted in the drums to either coke 
or vapor. The vapors leaving the drums are frac- 
tionated in a bubble tower, producing gas and gaso- 
line overhead and withdrawing light, medium and 
heavy gasoil as side streams. The heaviest gasoil, 
blended with the flashed residuum, is returned to 
the furnace. 


130 = £196} 


The above description is applicable to recycle 
operation, However, Delayed Coking units are also 
operating on a single-pass basis. 

Removal of coke from the drums is accomplished 
hydraulically by means of high impact-producing 
jets incorporated in special boring and cutting tools. 
The hydraulic method has been perfected to a point 
where the drums are cleaned speedily and safely 
and the coke transported to storage in a continuous 
mechanical operation. 

Delayed Coking yields on a typical charging stock 
are given in the following table: 


Table of Delayed Coking Yields and Product 


Inspection 
Reduced Crude Charge 
Weight % 100 
Gravity, “API 21.0 
Conradson Carbon, % 6.0 
Products 
1. Stabilized Gasoline 
Volume % 16.8 
Gravity, “API 61.2 
ASTM Distillation, °F. 
IBP 125 
10% 175 
50% 285 
90% 365 
EP 400 
Reid Vapor Pressure, psi 4.0 
CFRM Octane No.—Clear 60.0 
2. Gas Oil 
Volume % 71.5 
Gravity, “API 29.0 
Conradson Carbon, % 0.03 
3. Dry Gas 
Weight % 4.9 
4. Petroleum Coke 
Weight % 12.9 
Ash, % 0.15 


The M. W. Kellogg Company, New York, has been 
appointed licensing agent for this process for the 
United States and foreign countries. 
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Diethylene Glycol Process 








FOR DEHYDRATING NATURAL GAS 


ae gas normally contains a _ certain 
amount of water vapor. Unless the water content 
is reduced so that no condensation occurs under 
the conditions of temperature and pressure existing 
in natural gas transmission lines, operating difficul- 
ties are likely to develop. Moisture causes internal 
corrosion and rust accumulations. Water condensing 
at the low points in the transmission line must be 
drained off from time to time to prevent stoppage and 
freezing. In addition, at high pressures and in the 
presence of liquid water, solids known as natural gas 
hydrates may form, which resemble snow and build 
up in the line, seriously interfering with its capacity. 
At high pressures these hydrates may have melting 
points as high as 50-60° F. It is therefore apparent 
that atmospheric temperature conditions do not have 
to be particularly severe before difficulties may be 
encountered. 

For the above reasons it has been necessary to pro- 
vide for dehydrating natural gas to reduce the dew 
point before sending the gas through long high pres- 
sure transmission lines which are subjected to low 
atmospheric temperatures. Dehydration to a dew 
point below the minimum temperature to which the 
line will be subjected in the territory through which 
it passes has the following advantages: 

(1). Maintenance at all times of full line capacity 
which would otherwise be reduced due to the forma- 
tion of hydrates and water condensate. (2). Elimina- 
tion of the necessity of blowing the drips to remove 
condensate. (3). Elimination of regulator freeze-ups. 
(4). Reduction of internal corrosion of the pipe line. 

Natural gas dehydration is generally accomplished 
by contacting the gas with an hygroscopic liquid. 
Refrigerated calcium chloride water solutions have 
been used for this purpose. The cycle of operation 
when using diethylene glycol is basically the same 
as for brine. Dew point depressions up to 60° F. can 
be secured with concentrated diethylene glycol with- 
out refrigeration, which is necessary when corre- 
spondingly low depressions are to be secured with 
brine solutions. Refrigeration equipment materially 
increases plant investment. Diethylene glycol is not 
corrosive, and has a low freezing point so there is no 
possibility of solidification of the solution in the sys- 
tem. 


Properties of Diethylene Glycol 


Formula HOCH;CH:0CH:CH:0OH 
Molecular Weight 106.08 

Boiling Point 244.5°C. (472.1°F.) 
Freezing Point —6.5°C. 

Specific Gravity 1.1185 20/20°C. 

Weight Per Gallon 9.308 Ib. 20°C. 

Viscosity 0.38 poises 20°C. 

Vapor Pressure 0.015 mm. Hg 20°C. 
Specific Heat 0.5509 20°C. 


Latent Heat of Evaporation 150 cal./g. at B. P. 
Coefficient of Expansion (per °C.) 0.000635 at 20°C. 
0.000650 at 55°C. 
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Operation of the plant, as shown in the flow dia- 
gram on the opposite page, is as follows: Cooled 
diethylene glycol containing a small amount (gen- 
erally less than 10 percent) of water depending on 
the final dew point desired is picked up from the 
solution storage tank (1) by a pump (2) capable of 
pumping against the pressure at which the gas is to 
be treated. The solution flows through a flow con- 
troller (3) which controls the speed of the pump and 
into the top of the tray type contactor (4). Gas 
enters the bottom of the contactor through a mist 
extractor to remove mineral seal oil, etc. The con- 
tactor is equipped with bubble cap trays, the solu- 
tion descending counter-current to the ascending nat- 
ural gas. The gas leaves the contactor through mist 
extractor (6) and outlet connection (7) into the 
transmission line. The solution which has absorbed 
water from the gas is collected on the chimney plate 
(8). The liquid level on the chimney plate is con- 
trolled by the flow controller (9) and flows into a 
vent tank (10) provided with a back pressure regu- 
lator (11) which maintains sufficient pressure in the 
vent tank to force the liquid through the heat ex- 
changers (12) and the reflux condenser (12-A) into 
the top of the still (13). Natural gas released in (10) 
is vented through the vent gas outlet. 

Glycol solution passes through the reflux con- 
denser (12-A) into the still through valves 14, 15 or 
16 as desired, generally through one of the lower 
openings. The solution flows down over bubble cap 
trays in the still column and into the lower portion 
of the re-boiler (17) where it is heated by closed 
steam coils and is returned to the kettle (18) in the 
lower part of the still. Water remaining in the heat- 
ed solution is vaporized in the kettle and passes 
through the bubble cap trays of the still column. 
This serves to heat the descending solution and sepa- 
rates the diethylene glycol from the water vapor, 
thus eliminating loss of diethylene glycol in the still. 
Any natural gas or uncondensed water vapor in the 
reflux condenser (12-A) are vented through the back 
pressure valve (20). Excess condensate in the reflux 
condenser is drained through the condensate line to 
the sewer. The solution in the kettle (18) having 
been substantially denuded of water passes through 
the heat exchangers (12) in counter-current relation 
to the weak solution from the vent tank, and thence 
through a cooler (19) to storage tank (1). Replace 
ment solution is added to the system when neces 
sary, at this point. The cycle of operation described 
is continuous. 

In commercial plants the total over-all loss of 
diethylene glycol averages .05 gallons per million 
cubic feet measured at atmospheric pressure. 

Diethylene glycol is manufactured by the Carbide 
and Carbon Chemicals Corporation, 30 East > 42nd 
Street, New York, N. Y. 
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Donnelly Cracking Process 





DONNELLY PROCESS CORPORATION 


|; PROCESS CORPORATION, Chi- 
cago, Illinois, licenses “Coil and Quench Cracking 
Process” which has an advantage in the production 
of anti-knock (high octane rating) gasoline, so 
much in current popular demand. The inhibition of 
carbon formation by control of temperature and time 
factors during cracking and separation is covered 
by patents and applications owned by this company 
and is fundamental to long operating cycles, and 
production of low B.S. merchantable residuum. The 
wide use of these principles in modern cracking 
technique attests to their effectiveness. The process- 
ing principles employed in this process provide a 
basis for cracking unit design having the widest pos- 
sible range of operating flexibility as to tempera- 
tures, pressures, charge stocks treated, and products 
made. 

Donnelly units are designed to meet each indi- 
vidual refiner’s requirements as to capacity and type 
of unit. The unit may be constructed as small as a 
simple 250-barrel daily charge capacity unit having 
a single heating coil for cracking wide boiling range 
cycle oil, producing gas, gasoline and fuel oil. The 
unit may be constructed as large as a 20,000-barrel 
daily charge capacity combination crude topping and 
cracking unit having multiple heating elements for 
simultaneous differential time, temperature and pres- 
sure cracking of several selected oil fractions, pro- 
ducing gas, high octane rating gasoline, naphthas, 
tractor distillates, furnace distillates, road oils, fuel 
oils, and other residuals. 

The accompanying flow diagram illustrates in a 
general way one method of application of these proc- 
essing principles to selective differential cracking. In 
this specific case the fresh charge oil, consisting of 
topped crude oil, wax and other heavy distillate, is 
preheated to incipient or low rate cracking by indi- 
rect heat interchange with vapors passing from the 
vapor separator to the bubble tower and by hot gases 
in the convection section of the furnace and is then 
commingled with the effluent from the high boiling 
cycle oil cracking coil. The amount of cracking of 
the charge oil required will govern the amount of 
cracking to be done in the high boiling cycle oil coil. 
[f distillation with little or no cracking of the charge 
oil is desired, the operation will be conducted so that 
cracking in the coil of the high boiling cycle oil 
fraction will be extensive, that is, approximating 
maximum gasoline formation, without free carbon 
formation, and the mixture of cracked oil and fresh 
charge oil will be passed immediately to the vapor 
separator. If cold test reduction or viscosity crack- 
ing of the charge oil is required, the operation will 
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be conducted so that cracking in the coil of the high 
boiling cycle oil fraction, prior to comminglement 
with the fresh charge oil, will be less extensive than 
in the previous example. In this case the cracking 
treatment will be continued after comminglement 
by passing the mixture through a series of well in- 
sulated coils with detachable end fittings, or through 
a drum designed to provide the proper time element 
to carry the cracking to the desired amount. After 
this treatment, the mixture is introduced into the 
vapor separator. 

The proper operation of the vapor separator is a 
fundamental factor in production of merchantable 
fuel oil and the inhibition of carbon formation in the 
chamber. Accordingly, the Donnelly process pro- 
vides for sufficiently cooling the cracked products 
either before, simultaneous with, or subsequent to 
separation, to prevent residual fractions from being 
reduced to free carbon or coke during separation. 
Several means for accomplishing this cooling are 
shown on the diagram. 

The vapors separated in the vapor separator free 
from cracked residual fractions pass through a heat 
exchanger, then to a bubble tower where they are 
fractionated and separated into two liquid fractions 
each having different boiling ranges, the higher boil- 
ing fraction accumulating in the bottom of said 
tower, and the lower boiling fraction being with- 
drawn to a separate accumulator. Each such frac- 
tion is delivered by a hot oil pump to its respective 
cracking coil, where it is treated to conditions of 
time, temperature and pressure best suited to its 
characteristics to obtain the desired products. For 
heat economy, as shown on the diagram, the low 
lwiling cycle oil fraction before entering its cracking 
coil passes in heat exchange with its own outlet. 

The vapor uncondensed in the bubble tower is 
passed through a condenser, into a separator, from 
which high octane rating gasoline and fixed gases 
are withdrawn. 

The liquid separated in the vapor separator is 
withdrawn under reduced pressure into a flash drum, 
from which the resulting vapor is withdrawn, con- 
densed, accumulated and returned to the system, 
and the unvaporized portion, constituting residuum 
(fuel or road oil) is withdrawn, cooled and delivered 
to storage. A portion of this residuum may be re 
turned to the vapor separator or the flash chamber 
to control the temperature thereof. 

The flash drum shown on the diagram is an ex- 
tension of the vapor separator skirt, and may be 
constructed of lighter material than the vapor sepa- 
rator. 

With proper instrumentation the unit’s operation 
may be practically automatically controlled. 
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Dual-Flo Distillation Process 





BORN ENGINEERING COMPANY 


‘has refiner is often faced with the problem of 
processing crude oils differing widely in properties 
and producing products differing considerably in 
specifications. Some refineries have attempted to 
solve this problem by “batching” the crude, that is, 
running one type of crude for a period and then fol- 
lowing it with another type. However, this necessi- 
tates conside rable adjustment of furnace temperature 
and tower conditions, and results in costly delays. 

The Born Dual-Flo crude distillation unit proc- 
esses two crude oils separately and simultaneously. 
By this method, the refiner can process two crude 
oils of entirely different specifications simultaneously 
and yet take advantage of getting the maximum 
yield of specification product, plus operating econ- 
omy and flexibility. 

As an example, a refiner has two types of crude oil, 
producing straight-run gasoline with a high 
octane rating suitable for aviation base stock and 
another crude with a low octane straight-run gaso- 
line. If these crudes were blended and distilled 
single operation, it would not permit the refiner to 
realize the advantage of the higher octane product. 
\nother example of the utility of the Dual-Flo unit 
is when the refiner has both paraffin base and asphalt 
base crude oils and is desirous of producing both 
lubricating oils and asphaltic products. By using this 
unit the various products could be separately ob- 
tained at the same time. 

The attached flow diagram illustrates the general 
arrangement of the unit. The following results taken 
from a commercial operation of one of these units 
illustrates the processing: 

“Charge B, a mixed crude having an average gravity 
of 35° API, 0.7 percent sulfur and 125-130 pounds of 
salt per 1000 barrels of crude is processed at the rate 
of 2500 barrels per day. Salt is taken out at around 
200° F. and 250 psi in the settler. The overhead from 
this crude, a gasoline having an octane value of ap- 
proximately 55, is used for blending to motor fuel. 
Other yields include the side cuts of tractor distillate, 
light and heavy gas oils and bottoms. 

“A Cromwell-sand crude is used for Charge A 
which averages about 30.5° API gravity and con- 
tains approximately 200 pounds of salt per 1000 bar- 
rels and 0.02 percent sulfur. The charging rate for 
the Cromwell-sand crude is 2500 barrels per day. 
Gasoline from this charge stock has an octane rating 
of from 72 to 73 and when blended with 3 c.c. of lead 
produces a 90-91-octane fuel. Stoddard naphtha, kero- 
sine and the residual product comprise the other 
yields from this section of the unit. 

“Residual yields from both sections are mixed for 
a cracking stock, By combining the tractor distillate 
and the intermediate cuts a 350°-540° F. boiling 
range butadiene adsorption stock is obtained. Flexi- 
bility of the unit is illustrated in an operation when 
one section was rerunning pressure-distillate for an 
80-octane all-purpose gasoline at the same time crude 
was being processed to yield an overhead naphtha.” 

Centralization of control and other facilities com- 


one 
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mon to both sections of the unit contribute to opera- 
tional convenience and present a balanced plant lay- 
out. The Born Dual-Flo Heater has two combustion 
chambers and a single gas-duct system. The furnaces 
have floor-fired burners, giving close control and 
uniform heat distribution. Both heater coils pass 
from a common convection zone into their respective 
locations in the separate combustion chambers. Heat- 
ing-coil temperatures are controlled automatically. 
Because each section of the heater coil is equipped 
with a temperature controller, the amount of heat to 
separate coil systems may be varied independently 
when desired. 

Maximum flexibility of operation is accomplished 
by arranging the process piping so that the frac- 
tionators and the other equipment in either section 
of the process may be cut in or cut out as desired 
when running the unit on the different charges 
which are to be processed. 

The flow diagram on the opposite page as well as 
this description of the process were provided by 
sorn Engineering Company, Tulsa, Oklahoma, de- 


signer of the unit. 
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Duo-Sol Solvent Extraction Process 





MAX B. MILLER & COMPANY, INC. 


‘dee Duo-Sol Process developed by the Max B. 
Miller & Company, Inc., 501 Fifth Avenue, New 
York, N. Y., and presented here through the courtesy 
of that company, is a solvent refining process produc- 
ing from any stock a maximum yield of lubricating 
oil of any quality desired. 

The basic principle of the Duo-Sol Process is the 
simultaneous use of two practically immiscible sol- 
vents in an extractor system having one or more ex- 
tract stripping stages in addition to the conventional 
raffinate stripping stages. Propane is employed as a 
paraffinic solvent and Selecto, a blend of phenol and 
cresol, is the selective naphthenic solvent. Separation 
of the two layers in each extraction stage is accom- 
plished by gravity. 

The Selecto layer takes into solution the asphaltic 
unstable and otherwise undesirable fractions of the 
charge stock. The propane layer carries the stable 
paraffinic lubricating fractions. The two solvents flow 
countercurrently through the extractor system, the 
stock charge being introduced at an intermediate 
stage. As is shown in the flow sheet, the extract layer 
is contacted with an increasingly concentrated pro- 
pane solution in flowing from stage 3 to stage 1, and 
is thereby stripped of any paraffinic fractions it might 
contain. In a similar manner, as the propane- 
raffinate layer flows in the opposite direction from 
stage 3 to stage 7, it comes into contact with a more 
and more concentrated solution of Selecto, thus being 
stripped of its asphaltic oil content. 

Advantages of the use of a two-solvent system 
employing an extractor containing an extract strip- 
ping section as well as a raffinate stripping section, 
are as follows: 

(a) Greater Flexibility. The flexibility of the Duo- 
Sol process permits the treatnrent of distillates or 
residuums from any type of crude, producing a 
paraffinic oil which, when dewaxed to a zero pour, 
will in most cases have a viscosity index of 100 or 
higher. On the other hand, the Duo-Sol process per- 
mits the production of the maximum yield of lower 
quality finished stocks if such an operation is de- 
sirable. 

(b) Low Overall Operating Costs. The overall cost 
of producing the finished lubricating oil is greatly 
reduced since acid treatment is entirely eliminated 
and clay treatment is cut to a minimum. Because of 
the ability of the process to handle any type of charg- 
ing stock, the costs of primary distillation and final 
fractionation into blending stocks for a full line of 
motor oils are curtailed. 

(c) High Quality of Raffinate. The raffinates ob- 
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tained by this process are not only high in viscosity 
index but are exceptionally low in carbon residue, 
resistant to oxidation, stable as to color, and when 
lightly filtered will meet any emulsification tests. 

(d) Maximum Selectivity. The selectivity of this 
process is excellent as is shown by the specific gravi- 
ties of the extracts which range from 1.01 for a light 
distillate to 1.098 or higher for a heavy residual 
charging stock. 

The number and capacity of the existing Duo-Sol 
installations indicate that the above mentioned ad- 
vantages are obtained in actual commercial practice, 
At present there are in operation in this country six 
plants having a combined charge capacity of 23,500 
barrels per day. There are also nine plants abroad 
having a total charge capacity of 13,000 barrels per 
day. 

The flexibility of the process is demonstrated by 
the fact that in the space of a month and a half one 
of the commercial plants has treated satisfactorily a 
light and a heavy Colombian distillate having gravi- 
ties of 21.2° A.P.I. and 19° A.P.I. respectively, an 
Oklahoma City distillate having a gravity of 28.8° 
A.P.I., and an Oklahoma City residuum having an 
A.P.I. gravity of 21.0°. 

Solvent recovery from each layer is accomplished 
by vaporization of propane in a high pressure tower 
and the stripping of Selecto from each layer in a low 
pressure tower. Suitable exchange is provided for 
the recovery of the maximum amount of heat. Separa- 
tion of the stripping steam from the Selecto is accom- 
plished by taking a constant boiling mixture overhead 
from Tower W-1 and decanting in Tanks W-2 
and W-3. 

Some typical results obtained by this process are 
tabulated below. As can be seen, charging stocks 
ranging from a light transformer oil to the heaviest 
crude bottoms can be readily handled in the same 


plant. 














Trans- Mid- Oklahoma Seuth 
Characteristics of former Continent City Texas 
Charging Stock .- oil Distillate | Residuum Tar 
Gravity A.P.I........ 24.5 25.4 24.2 1.001 Sp. Gr. 
Vis. @ 210° F. S.S.U.| 64.5 @ 100 48 78 2700 
OO "—e are 300 430 a a 
Raffinate (Dewaxed): 
Gravity A.P.I........ 27.0 31.1 29.2 26.2 
Vis. @ 210° F. S.S.U.| 63 @ 100 97 @ 130 60 182.0 
UN 16 at Ke ED bat 0° F 0° F. 0° F. 0° F 
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Color NPA (before 
OS Pe 1 3 s— — 
Yield, percent (Duo- . ' 
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Dow Styrene Process 





THE DOW CHEMICAL COMPANY 


HE Dow Styrene Process was developed during the early 
1930’s at The Dow Chemical Company’s Research Labora- 
tories in Midland, Michigan, as a step in the manufacture of 
the plastic polystyrene. The wartime synthetic rubber pro- 
gram resulted in construction of four plants which furnished 
styrene for GR-S rubber. Although the process was licensed 
during the emergency, it is not generally available. 

The process in brief is the catalytic dehydrogenation of 
ethylbenzene to styrene at a conversion per pass of about 
37 percent and an ultimate yield of 90 percent, with subse- 
quent vacuum distillation of the crude styrene. 

Since reduced pressure favors the dehydrogenation reaction, 
steam is fed at a rate of 2.6 pounds per pound of ethylben- 
zene. About 90 percent of this steam quantity is heat-ex- 
changed to a temperature of 385° C. before entering the 
superheating furnace, which produces steam at 710° C. The 
remaining 10 percent of the steam is mixed with ethylben- 
zene before being passed through a vaporizer, attaining a 
temperature of 160° C. before heat exchange with hot reactor 
product. At 520° C. the ethylbenzene vapors meet super- 
heated steam at 710° C. The resulting temperature at the 
bottom of the catalyst bed is 630° C. This temperature point 
is used for controlling the reaction system. Reactor product 
at 565° C. 
ethylbenzene, and then with steam. From this point a spray- 


is cooled by heat exchange, first with incoming 


type desuperheater lowers the crude product temperature to 
105° C. and condenses out tars formed at high temperatures. 
Vapors then enter the final condenser, where steam, styrene, 
ethylbenzene, benzene, toluene, and small amounts of tar 
are liquefied. Vent gasses containing hydrogen, carbon mon- 
oxide, carbon dioxide, methane, ethane, plus some of the 
aromatics pass overhead to a refrigerated recovery system. 
The materials condensed go to a gravity separator, where 
the hydrocarbons are decanted from the water phase. After 
further settling, part of the water is recycled to the sprays 
of the desuperheater, and the rest is discharged to a disposal 
system. The hydrocarbons pass to another settler, where in- 
soluble tar can drop out along with entrained water. Crude 
styrene then is pumped to storage. An average composition 


for this stream by weight is: 
Percent 
Styrene .. 
Ethylbenzene 
Toluene 
Benzene 


genated material containing about 37 percent styrene. The 
fractionation requirements are rather strict since the normal 
boiling points of ethylbenzene and styrene differ by only 9° 
C. Other factors complicate the distillation step to an even 
greater extent. Distillation of styrene at its atmospheric 
boiling point (145.2° C.) is impossible because of rapid 
formation of polystyrene. At 30 mm. Hg. absolute, the boiling 
point of styrene is 54° C., and the polymerization rate is 
less than 0.1 percent per hour. Running under a vacuum, 
then, is necessary. Even though a low distillation temperature 
is achieved, the normal irregularities of operation make fur- 
ther precautions necessary. Very small quantities of certain 
foreign materials catalyze the polymerization reaction greatly. 
To guard against such possibilities, elemental sulfur is dis- 
solved in styrene to act as a polymerization inhibitor. Only by 
a combination of vacuum operation, suitable inhibition of 
styrene, and special column design can styrene be distilled 
successfully. Relatively trouble-free operation can be had 
by distilling inhibited styrene in a system which never allows 
the concentrated monomer to exceed 90° C. 

In following the flow further, crude styrene passes through 
a pot containing sulfur. Enough sulfur is dissolved to act as 
a polymerization inhibitor. After preheating, the feed enters 
the 30-plate benzene-toluene column where benzene and 
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toluene pass overhead at 57° C. The top of this column oper- 
ates at 175 mm. Hg., and a reflux ratio of 12 to 1 is employed, 
Since styrene is still diluted with ethylbenzene and tar, a 
temperature of 96° C. is allowable at the bottom. Sulfur 
passes down the column and effectively inhibits the stripping 
zone. Benzene and toluene from all four finishing blocks then 
pass to a benzene column of standard construction operating 
at atmospheric pressure. It contains 40 plates and operates 
with a reflux ratio of 3 to 1. Benzene, thus purified to less than 
0.1 percent toluene content, is recycled to the ethylbenzene 
plant for alkylation. The bottoms from this column contain 
toluene and traces of ethylbenzene. Toluene with a 1° ¢ 
boiling range is obtained as product from the 35-plate toluene 
column. Ethylbenzene, styrene, and tar then pass to the pri- 
mary ethylbenzene column. At this stage comes the rather 
difficult separation of ethylbenzene from. styrene. A single 
column of 70 plates would give a bottom pressure of 225 
mm. Hg. and a condition where highly concentrated styrene 
would be boiled at 104° C. This temperature would not be 
advisable even in the presence of sulfur. To overcome this 
difficulty the separation is split into two steps: the primary 
ethylbenzene column, which acts as the top 38 plates, and 
the secondary ethylbenzene column acting as the bottom 32 
plates. Vacuum jets and cooling water keep the top of each 
at 35 mm. Hg., and thus, the bottom temperatures can be 
held at a safe level of 90° C. The reboilers of these stills are 
short-tube vertical units designed for a very low liquid head 
in the tubes. Steam at 5 pounds gauge is on the shell side. Low 
t’s in the reboilers are necessary to prevent high skin tem- 
peratures. The columns are designed for a low pressure drop 
and many precautions are taken to prevent the inward leak- 
age of air. The upper part of the primary column is protected 
against polymer formation by the addition of sulfur to ethyl- 
benzene reflux. This primary column takes recycle ethyl- 
benzene containing about 1 percent styrene overhead and to 
the feed of the dehydrogenation step. Bottoms from the 
primary are pumped through a cooler to the top of the sec- 
ondary column. The overhead from the secondary column is 
condensed, then flows by gravity to the reboiler of the pri- 
mary. Condensation of this stream has proved desirable from 
the control standpoint. Bottoms from the secondary column 
are cooled to prevent polymerization and then pass to a 
batch-still charge tank which is held at 35 mm. Hg. pressure. 
Packed batch styrene finishing stills are used to remove tar 
and sulfur from the styrene. Batch operation permits some- 
what easier handling of the residue and also gives greater 
flexibility to the system. A styrene finishing still runs at vary- 
ing reflux ratio depending on the purity of the overhead 
product. Product purity is recorded continuously on a strip 
chart by a specially designed infrared analyzer. Top tempera- 
ture is 57° C. at a pressure of 35 mm. Hg. Since the upper 
part of the column operates with little sulfur present, a solu- 
tion of para-tertiary-butyl catechol in styrene is pumped 
into the reflux to this still by means of a proportioning pump. 
Five parts per million of inhibitor are effective in preventing 
excessive polymer formation. The residue from these columns 
is drained while hot into dump buckets. This heavy material, 
consisting of tars formed in the dehydrogenation step, sty- 
rene-sulfur compounds, elemental sulfur, polystyrene, and 
styrene then are burned. Before shipment, para-tertiary-butyl 
catechol is added to bring the concentration to a minimum 
of 10 ppm. Shipment of the finished material is made in 
insulated tank cars. Styrene is pumped through a refrigerate 
cooler to these cars to provide’a- loading temperature below 
20° C. With these precautions, the probability of polymer 
formation in normal tank-car shipment is exceedingly small. 
The process described is highly instrumented. The on- 
stream time of the units is quite high—98 percent or more. 
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Edeleanu Process 





E. B. BADGER & SONS COMPANY 


in Edeleanu Process, employing liquid sulfur 
dioxide as a solvent, has been used commercially 
since 1911 for refining petroleum products. Its first 
application was for the production of high-grade 
kerosines from highly aromatic and sulfur- bearing 
crude kerosine distillates. This advance over heavy 
acid treatments with their attendant high loss of 
hydrocarbons led to its eventual application to the 
entire range of petroleum products. The Edeleanu 
Process is unique insofar as it is the only solvent 
refining process by which all fractions of mineral oils 
may be extracted. The low boiling point of sulfur 
dioxide (14° F.) makes the problem of recovering the 
solvent relatively simple even though hydrocarbons 
in the gasoline boiling range are treated. 

The flow diagram on the opposite page, presented 
through the cooperation of E. B. Badger & Sons 
Company, 75 Pitts Street, Boston, Massachusetts, 
shows the essential equipment in a typical Edeleanu 
Unit. A study of the flow sheet shows that the plant 
consists of the following main sections: 

(1) Counter-current extraction tower for contact- 
ing oil and solvent. 

(2) Equipment for the recovery of the small 
amount of solvent which dissolves in the refined oil. 





(3) Equipment for recovery of the bulk of the sol- 
vent which leaves the extraction equipment in the 
extract. 

(4) Equipment for cooling oil and solvent, com- 
pressing, recondensing and dehy drating the solvent. 

Conventional equipment is employ an and a simple 
system for continuously dehydrating the liquid sulfur 
dioxide eliminates corrosion. With minor exceptions, 
ordinary steel equipment is used throughout the 
plants. 

Liquid sulfur dioxide preferentially dissolves aro- 
matic hydrocarbons. It has a less definite preference 
for naphthenic hydrocarbons and little solubility for 
paraffines. The degree to which naphthenes and 
paraffines are dissolved depends upon the tempera- 
ture of extraction and the boiling range of the stock 
being treated. The lower the extraction temperature, 
the less paraffines and naphthenes will be dissolved. 
The lower the boiling range of the material being 
extracted, the greater will be the solubility of the SO, 
for paraffines and naphthenes. Generally, therefore, 
lower-boiling materials are treated at lower tem- 
peratures than higher-boiling ones. 

The extraction by liquid sulfur dioxide of naphtha 
is commercially accomplished at temperatures vary- 
ing from +10° F. to —60° F. The raffinates will be 
practically free of aromatics and frequently are sold 
as special solvents (VM&P naphthas, Stoddard sol- 
vent, etc.) or are reformed. The extract generally will 
have an aromatic content of from 55 to 85 percent, 
depending on the temperature employed and will be 
of high octane number and of high solvency power. 
sy the addition of another processing step the aro- 
matic content may be increased to over 99 percent. 
This form of the process has been used to produce 
pure toluene from petroleum fractions. 

A large portion of the installed capacity in 
Edeleanu units is used for the production of high- 
quality kerosines from aromatic and_high-sulfur 
crudes. These operations generally are conducted at 
10 or 20° F. In this use of the process not only is a 
kerosine raffinate of excellent color and burning 
characteristics produced, but the aromatic extracts 
also frequently are sold at a premium. 

The widely increased use of diesel engines has 
stirred interest in the Edeleanu Process for the pro- 
duction of better diesel fuels. Higher cetane numbers 
and lower carbon residues and sulfur contents are 
obtained in SO, raffinates produced either from 
straight-run or from cracked gasoils. 

A further indicated use of the process is for the ex- 
traction of catalytic cycle stocks. The SO, raffinate 
is substantially as good a cracking Stock as the orig- 
inal virgin- -gasoil charge. The extract produced is a 
highly aromatic and refractory material which will 
crack only to a very low yield of gasoline and is best 
diverted directly to fuel. The-use of the SO, extrac- 
tion step will result in obtaining highest overall gaso- 
line yield with the least use of cracking-plant ca- 
pacity. 
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Ethylene Manufacturing Process 





THE LUMMUS COMPANY 


Tie great expansion of the petroleum-chemical 
industry during the past few years has been reflected 
in the growth of ethylene manufacture and recovery 
from about 150,000 pounds per day in 1940 to about 
600,000 pounds per day in 1947, with more than one 
million pounds per day scheduled by 1948. While 
other petroleum source materials, such a benzene, 
toluene, and the light olefins heavier than ethylene 
contribute significantly to the tonnage of petroleum 
chemicals today, ethylene has become probably the 
most important of these source materials. 

Ethylene may be produced by the pyrolysis of 
ethane, propane or heavier materials, including re- 
duced crudes, by short-time high-temperature pyroly- 
sis and of course may be recovered from oil-refinery 
gases where it is the by-product of relatively low- 
temperature thermal and catalytic-cracking opera- 
tions. The high-temperature cracking may be con- 
ducted in the presence of hot granular refractory 
or may be accomplished in tubular furnaces. The 
most important source material for ethylene pyrolysis 
at the present time is ethane and propane which may 
be efficiently processed in tubular heaters at tempera- 
tures in the range of 1300-1400° F. The flow sheet 
opposite represents a typical plant designed to pro- 
duce ethylene by the pyrolysis of ethane, propylene 
and propane, and to recover ethylene directly from 
the raw charge gas. 

The fractionating absorber is the most important 
unit in the plant in that it makes the separation be- 
tween methane and ethylene. It is necessary to avoid 
loss of ethylene, but on the other hand, retention of 
too much methane reduces the purity of the ethylene 
below the desired value since generally no further 
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demethanization is employed. A portion of the aro- 
matic distillate produced in the process is circulated 
over the absorber at a rate of approximately 3.0-4.0 
pounds per pound of feed, at which rate only mod- 
erate heat removal in the intercoolers is required in 
order to recover approximately 99 percent of the 
ethylene entering in the feed and reject all of the 
hydrogen and approximately 96 percent of the 
methane. The rich oil from the absorber flows to the 
deethanizer where the split is made between ethane 
and propylene. Inasmuch as both the ethane and the 
propane-propylene are recycled through the pyrolysis 
coils, the separation between propylene and ethane 
need not be sharp, and a low reflux ratio may be used. 
In this tower it is only necessary to avoid loss of 
ethylene in the bottoms. The overhead from this 
tower flows to the ethylene fractionator where the 
split is made between ethylene and ethane. Recovery 
of practically 100 percent of the ethylene in the feed 
to this tower with purities up to 95 percent can be 
made readily. 

Aromatic materials removed from the bottom of 
the depropanizer are used for absorber lean oil as 
required, with the balance being delivered to aro- 
matic-distillate production. A small rerun tower is 
provided for eliminating heavy polymer which builds 
up in the aromatic distillate. 

In this system refrigeration is required in the ab- 
sorber, the deethanizer and the ethylene fractionator. 
However, the refrigeration level is from 0° F. up- 
wards and the refrigeration load is therefore moder- 
ate amounting to approximately 18 brake-horsepower 
for 1000 pounds of net ethylene produced per day, 
exclusive of the charging stock prefractionation re- 
quirements. Driers are provided for reducing the 
water vapor dew point of the absorber charge to less 
than —40° F.. in order to eliminate the formation of 
ice and hydrates over prolonged periods of operation. 
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Ethylene Production Process 


—a 





STONE & WEBSTER ENGINEERING CORPORATION 


: ability to produce large quantities of ethylene 
at low cost has encouraged the rapid increase in pro- 
duction of chemical intermediates which are widely 
used in the manufacture of alcohols, synthetic rubber, 
glycols, detergents and a wide variety of plastics and 
synthetic resins. The two principal sources of ethyl- 
ene for chemical synthesis are (1) olefin-rich refinery 
gases and (2) pyrolysis of light hydrocarbon mix- 
tures or crude oil primarily for the production of 
ethylene or propylene. The cost of producing ethylene 
by cracking crude oil or distillate stocks is much 
higher than by cracking an ethane-propane mixture 
or a refinery depropanizer overhead stream. Hence, 
most large ethylene producers are located near a 
cheap source of refinery gas or light hydrocarbons. 

Most of the chemical synthesis processes require 
that the ethylene concentration be greater than 90 
percent and that the product gas be free of propylene 
and higher-molecular-weight hydrocarbons. The 
separation of the ethylene from the cracked-gas mix- 
ture and its subsequent purification usually is accom- 
plished by fractional distillation at subatmospheric 
temperatures. 

The process shown on the accompanying flow 
sheet, presented through the courtesy of Stone & 
Webster Engineering Corporation, illustrates a typi- 
cal ethylene production unit based on cracking an 
ethane-propane mixture. 

The fresh feed, together with recycled ethane and 
C,’s, is charged to the pyrolysis furnace and heated to 
1450-1500° F., where optimum conversion to ethylene 
takes place. The coil-outlet gases are water quenched 
and compressed in three or four stages to 600 psig. 
The gas from the last stage of compression is cooled 
with water, then subcooled with refrigerant to ap- 
proximately 70° F. to remove the maximum amount 
of water from the compressed gas stream before 
introducing it into the dehydrators. Drying of the gas 
to a water dew point of approximately minus 100° F. 
is effected by passing the gas through a bed of acti- 
vated bauxite or alumina. The dried gas is cooled by 
heat exchange and refrigeration and introduced into 
the methane tower where hydrogen and methane are 
taken overhead. Reflux is produced in a run-back type 
condenser refrigerated by the evaporation of ethyl- 
ene. The reflux temperature is approximately minus 
130° F. The bottoms from the methane tower flow to 
an ethylene tower where high-purity ethylene is re- 
moved as an overhead product. Reflux is produced at 
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0 to minus 15° F. in a condenser refrigerated with 
propane or ammonia. 

The subsequent processing of the ethane and 
heavier components which comprise the ethylene- 
tower bottoms depends upon the number and purity 
of products required. An ethane tower and a propane 
tower are required if a propylene-propane product is 
desired. If ethylene is the only primary product, the 
ethane and C,’s may be recycled to the pyrolysis fur. 
nace, in which case, a single tower would suffice to 
separate the recycle stream from the C,’s and heavier 
components. 
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Filtrol Fractionation Process 





FILTROL CORPORATION 


E LTROL Fractionation is the name of the process 
in which Filtrol, the highly activated adsorbent made 
by Filtrol Corporation, is injected into a hydrocar- 
bon oil stream as it flows to fractional distillation 
equipment. The purpose of this relatively new tech- 
nique is to combine fractional distillation and con- 
tinuous filtration into a single and more economical 
process. The process is applicable to the refining of 
solvent-treated stocks, long residuals, low-asphaltic 
or treated lube crudes, and dewaxed cylinder stock 
solutions. By combining distillation and decoloriza- 
tion, substantial savings in equipment, upkeep, main- 
tenance and operating costs are effected. 

On the opposite page is a flow diagram of a Filtrol 
Fractionation plant presented through the courtesy 
of Filtrol Corporation, 634 South Spring Street, Los 
Angeles, California. As indicated in the flow sheet, 
a portion of the charge to the pipe heater is continu- 
ously by-passed through a small mix tank. This tank 
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is equipped with a mechanical agitator which mixes 
the Filtrol with the oil, thus forming a readily 
pumped oil-adsorbent slurry. The Filtrol is automati- 
cally fed to this tank by a gravimetric feeder, insur- 
ing accurate control of the adsorbent feed at all times, 
The feeder is supplied with Filtrol by a scroll-type 
conveyor from the overhead storage bin. The by- 
passed oil containing the Filtrol rejoins the main flow 
of the charge and continues through the heat ex- 
changers before entering the pipe heater. The tem- 
perature of the heater outlet is instrument controlled, 
The hot oil-adsorbent slurry then enters the vapor- 
izer section of the vacuum fractionating column 
where the unvaporized portion which contains all the 
Filtrol passes over a number of stripping trays before 
falling into the soaking section. The lighter cuts thus 
receive an adsorbent treatment in passing through the 
exchangers and furnace, after which the adsorbent 
charge is concentrated in the bottoms, which require 
heavier treatment. The vaporized 
material is fractionated into the 
desired cuts, each of which passes 
through a steam stripper which 
eliminates undesirable odor and 
insures color-stable products. 


The bottoms and Filtrol in the 
soaking section of the tower are 
agitated and stripped by the in- 
jection of steam into the bottom 
of the vessel. The soaking time or 
contact time is regulated by con- 
trolling the liquid-level in this 
section. The slurry then passes 
through the bottoms exchangers 
and into an insulated surge tank 
from which a continuous-vacuum 
rotary filter is fed. The spent ad- 
sorbent is filtered from the oil 
which passes through a cooler to 
finished oil storage. The spent 
cake is continuously removed by 
a screw conveyor. 


In certain instances, the Filtrol 
Fractionation Process has definite 
benefits over contact filtration 
finishing. The refiner’s position, 
process- and market-wise, must 
be carefully analyzed to determine 
the extent of these advantages for 
each specific case. Important ad- 
vantages realized by the use of 
this refining technique include re 
duced operating cost, lowered com 
struction cost, and maximum ad- 
sorbent economy. 
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Fluid Catalytic Cracking Process 





THE M. W. KELLOGG COMPANY 


j= primary purpose of the Fluid Process as with 
other petroleum cracking operations is to break down 
long-chain and high-molecular-weight hydrocarbons 
into molecules boiling within the gasoline range. The 
Fluid Process differs from other catalytic-cracking 
processes in that the reaction is effected by a powdered 
catalyst which is circulated essentially as a fluid with 
the oil to be cracked. Advantages of the system as a 
means of controlling and handling catalyst are: 
(1) A highly turbulent bed in the reactor provides inti- 
mate contact between catalyst and vapor. 
(2) The ability to control reaction conditions closely over 
a wide range produces optimum yields with uniform quality 
of products 
(3) Continuous uniform regeneration is obtained with 
minimum degradation of catalyst activity. 
(4) The fluid catalyst may be circulated freely without 
limitations of mechanical transfer equipment. 


regard to 
maintained by self-perpetuating hydrostatic 


Flows are 

heads. 

(5) Heat is conveyed from the regeneration system to 
the reaction system without the danger of thermal cracking 
and coking. 

Hot catalyst at a temperature of approximately 
1100° F. from the regenerator into the re- 
generator standpipe down which it flows to the oil- 
injection point where it flash vaporizes the fresh-oil 
charge which has been pre-heated to balance the total 
heat requirements of the reaction. 


passes 


The mixture of oil vapors and catalyst is forced 
up the reactor-feed line by the pressure head main- 
tained in the regenerator plus the force of gravity 
exerted on the dense catalyst in the catalyst stand- 
pipe, the pump serving merely to bring the oil to the 
oil-injection point. 

The hot mixture enters the reactor where the cata- 
lyst settles to a definite level and forms a “bed,” 
depth of which regulates the time of reaction, and can 
be varied at will. The bed is maintained in a fluid, 
turbulent condition by the entering feed vapors. Con- 
tinually passing upward, these vapors effect intimate 
contact of oil with catalyst and produce a uniform 
temperature (900° - 950° F.) throughout the bed. As 
cracking progresses, coke forms on the catalyst. 

The spent catalyst, laden with coke, is continually 
and automatically withdrawn through a slide valve 
to the spent-catalyst stripper where the adsorbed and 
entrained vapors are dissociated from the catalyst 
and carried by a counter-current stripping medium 
back into the top of the reactor vapor space. Spent 
catalyst separates from the oil vapors by gravity, 
drops into the spent-catalyst standpipe and through 
an automatically controlled slide valve to the air- 
injection point where its density is reduced by a cur- 
rent of air which “fluffs up” the catalyst so that it 
flows as a fluid up the regenerator return line. 

The oxygen in the air admitted for “fluffing up” 
purposes continuously regenerates the catalyst by 
burning off coke. This attion brings the catalyst to 
a temperature of about 1100° F. and makes it an 
effective heat-transfer medium for vaporizing the 
fresh-oil feed and supplying the heat necessary for 
the cracking reaction. The reactivated hot catalyst is 
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retained in the regenerator and is constantly with- 
drawn into the standpipe for re-use as needed. 

The combustion gases pass through cyclone sepa- 
rators in the top of the regenerator where they fol- 
low a high-velocity spiral path which throws the 
heavier catalyst particles to the outside of the sepa- 
rator by centrifugal force. The recovered catalyst is 
returned to the bed while the flue gases enter the 
regenerator exit line and pass through the flue-gas 
cooler where their contained heat is used to generate 
high-pressure steam by heat exchange with water. 

The cooled flue gases then pass to the electrical 
precipitator. Flue gases are vented to the atmosphere. 
Recovered catalyst passes from the precipitator into 
the recovered-catalyst line and is blown back to the 
regenerator. 

The combined hydrocarbon gases from the spent- 
catalyst stripper and the reactor join in the vapor 
space above the catalyst bed and enter cyclone sepa- 
rators where catalyst is recovered and returned to 
the main bed. The cracked gases pass through the 
reactor overhead line to the fractionator scrubbing 
section where the small quantity of residual catalyst 
fines is diverted to the bottom of the fractionator 
and passes with the heaviest oil to the slurry settler, 
an integral part of the fractionator in which the 
catalyst settles out by gravity. The clarified decanted 
oil is withdrawn from the top of the settler for use 
as fuel oil or for further processing. 

The thickened catalyst slurry passes into the cata- 
lyst-return line and is returned to the reactor. This 
completes the circuit of catalyst in the system. 

The vapor stream entering the fractionator passes 
upward from the scrubbing section through the bub- 
ble plates of the fractionator and usually is separated 
into wet gases, unstabilized gasoline, light gasoil, 
and heavy gasoil. 

The heavy gasoil, or the entire fractionator side 
stream, can be diverted for a recycling operation to 
the recycle-oil line and so returned to the reactor for 
further cracking with the fresh feed. 

The table shows results obtained from single-pass 
operation at 50 percent conversion level on five rep- 
resentative feed stocks. 

Comparison of Single Pass Yields at 50 Percent Conversion 
Gasoils from Representative Crude Sources. 
Synthetic Catalyst. 900° F. 





West Mid- | East | 








Texas | Coastal | Cont. | Venez. | Arab. 
Product Inspections— | 
Propylene in Propanes—Vol. Percent 733 | 7 | 7% | 7 | 75 
Butane-Butene Fraction: | 
Butenes—Vol. Percent 58 ae ee Se 
i-Butane in Sats.—Vol. Percent. . . 80 | 80 83 | 83 | & 
Debutanized Motor Gasoline: | 
Reid Vapor Pressure—b. 6.1 | 6.2 | 6.3 6.5 7.0 
Gravity, “API 55.1 | 55.0 | 56.9 56.0 | 570 
ASTM Percent (D plus L) at 158 °F 27 «| «(7 28 27 | 28 
212 50 50 51 49 | 54 
284 asi nw 70 | 70 
356 ss | 90 | 91 90. | # 
Octane Numbers— | 
ASTM—Clear 81.1 82.0 82.0 80.5 | 820 
CFRR—Clear 94.6 | 95.0 95.1 94.2 | 0 
Total Cycle Oil: 
Gravity, °API 24.5 23.0 | 26.8 25.0 | 260 
ASTM 50 Percent Pt. °F. 600 610 | 604 | 580 | 555 











Licenses for this process are obtainable from The 
M. W. Kellogg Company. 


Petroleum Re finer—V ol. 26, Vo. 4 















April, 





ANVdWO) DSDOT ISA MW AHL ‘ASALYNOD 











S$4VO0Ud ONIMOVYO OQLLATIVIVO CINId QOOTTAY 


Qg34u1s30 dl 
ONITDAID3Y 


—.—————39r ———— 


eR Estee 


va 
/ 


r 
PAVE: 
— 311135 


110 ere x tr 
aa.nv920~ a AWHNTS 


NYuni3aY 
LISAIV1LIV9 








SYOdVA 


110 SVD 
AAY3H 





ellen) 2°] 
LH9IT 





JNITOSVS 
O3ZITIGVISNN 











xN14334u 
YILVM 


L 


YOLVUVdSS (i ) 
sv9 














LINN AY3ZAO93u 
O01 SV9 


YOLVNOILOVHS 








\ 


| | <~ 


| 
| 
| 


LSAIVLIVO 





WV31S 
ONiddi¥iS 








Y3addivlS 
ASA1VLV9 
LN3dS 











SUYOdVA 














| <—suoivuvaas 
JNONIAD 


ok & Fie ake) 


~O 


JOVNUNG 
1V3H3ud 


7 : —_—__—@) 
| 
| 


LSAIVLIV9 








( 4SAIWLV2 G343A003" 


—<— 





hope POr-arerr-r.| 
WI'1Y19373 


sv9 3m4 


¥3100)9 
sv9 3nN14 





YOLOV3E SPR ELEDEL. 








Process Handbook Section 


947 


April, 











— 


Fluid Catalytic Cracking Process 





STANDARD OIL DEVELOPMENT COMPANY 


avin catalytic cracking, which was the source of 
a substantial part of the military petroleum products 
used in World War II, is operating to produce peace- 
time products of a wide variety. It, also, is being 
adapted for conversion of natural gas into liquid 
products, where it represents an advancement over 
the Fischer-Tropsch process. 

In the Fluid process, finely divided catalyst 1s sus- 
pended in gas or vapor so it flows through the equip- 
ment in a form resembling a liquid in many respects. 
Thus it circulates continuously between reaction and 
regeneration zones, with the heat from the regener- 
ator being transferred to the reactor, thereby replac- 
ing the need for cooling surface in the regenerator 
and reducing the preheat requirement for the feed. 
Since it requires no furnace to vaporize the feed, 
coking difficulties do not exist. 

Pressure for catalyst circulation is provided by a 
standpipe, in which a column of catalyst is maintained 
in a fluidized state by addition of aeration gas, so con- 
trolled that the column builds up pressure at the base 
equal to the weight of solids above, consequently no 
mechanical circulation is required. By operating the 
vessels at relatively low velocity, a bed of dense solids 
is formed due to their tendency to settle out, whereby 
it is possible to obtain the necessary catalyst holdup 
in vessels of moderate size. 

With reference to the accompanying flow diagram, 
oil feed is injected into the hot regenerated catalyst, 
which supplies the required heat, the catalyst rate 
being regulated to maintain required reactor temper- 
ature. This catalyst-vapor mixture flows into the re- 
actor, where the catalyst begins to settle out, forming 
a dense bed, which resembles a violently boiling liquid 
with a rather clearly defined level. Vapors leave the 
top of the reactor through separators which return 
most of the entrained catalyst to the bed. 

Cracked products then are processed in conven- 
tional fractionating equipment, in which any remain- 
ing catalyst is concentrated for return to the regen- 
erator. 

In the reaction step a carbonaceous deposit accu- 
mulates on the catalyst, which is removed from the 
reactor through a stripping zone where the hydro- 
carbon vapors are removed. Spent catalyst is then 
suspended in air and carried into the regenerator 
where the coke is removed by combustion. Heat thus 
released is absorbed by the circulating catalyst. Flue 
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gases leave the regenerator through cyclones, are 
cooled in conventional waste-heat boilers, then flow 
through an electric precipitator where the dust con- 
tent is reduced to a low value before the gases are 
vented. 

High yields of motor gasoline are obtained with 
clear octane numbers of 81-83 ASTM and 92-99 CRF. 
By-products such as isobutane and light olefins for 
alkylation, polymerization or for synthetic-rubber in- 
gredients are recovered. 

Feed stocks in commercial operation range from 
naphtha cuts to heavy gasoils and deasphalted re- 
siduums, while recycling operations have been found 
attractive in some instances. Large-scale tests have 
been conducted on feeding whole reduced crude. 
Flexibility of the process has been demonstrated 
through uninterrupted runs of more than a year, and 
by general high-service-factor levels. High catalyst 
recovery has been established in commercial plants, 
based on a circulation rate corresponding to a loss 
averaging about 0.25 pounds per barrel of feed. 

Fluid process units now operating or under con- 
struction in this country represent an operating ca- 
pacity of more than 1,000,000 barrels per stream day, 
or more than half the total domestic catalytic cracking 
capacity. Capacity of the units ranges from 2,000 to 
30,000 barrels per stream day. 

Adaptation of the Fluid process in natural gas con- 
version has been explained by -Robert P. Russell, 
president of Standard Oil Development Company, as 
applying to the conversion of the synthesis gas into 
liquids where a cheap iron-type catalyst is used. Cool- 
ing tubes immersed directly into the fluid bed are 
able to extract the heat of reaction with high temper- 
ature differences and good heat-transfer coefficients 
so that the heat transfer area is reduced to less than 
5 percent of the requirements in the conventional 
Fisher-Tropsch process. At the same time the ex- 
tremely turbulent conditions in the fluid bed main- 
tain a surprising degree of uniformity in bed tem- 
peratures. Approximately 80 percent of the hydro 
carbons produced after polymerization of C, and G 
olefins represent gasoline of high quality, requiring 
only bauxite treating for finishing, while the remain- 
der of the hydrocarbon product is of diesel-oil quality. 

Information for this description and the flow dia- 
gram were provided by Standard Oil Development 
Company, 30 Rockefeller Plaza, New York 20, N. Y. 
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Furfural Refining Process 





TEXACO DEVELOPMENT CORPORATION 


| is an extractive solvent extensively 
employed for refining a wide range of lubricating oils 
of any viscosity and diesel-fuel oil. Furfural origi- 
nally was chosen as most suitable for solvent extrac- 
tion of lubricating oils because of its high degree of 
selectivity for the undesirable components of petro- 
leum oils without possessing a high solvent power 
for the desirable components. It is unique in this 
respect. The addition of water or an “opposing” 
solvent is not required to control this solvent power. 


‘ 


Furfural also was chosen because of its stability, low 
cost, availability and desirable physical characteris- 
tics. Being non-acidic and non-toxic, furfural can be 
handled without special protective provisions. Its 
boiling point is sufficiently low (323° F.) to permit 
its recovery from the lowest-boiling-point lubricating- 
oil stocks and even from diesel-fuel oil or furnace 
oils without appreciable loss of oil or solvent. Its low 
solid point (—38° F.) eliminates the danger or solidi- 
fication in lines or tanks in cold weather. The high 
specific gravity of furfural insures rapid and complete 
separation at normal operating temperatures in ex- 
traction towers of relatively small diameter. The 
critical solution temperature of furfural is high 
enough to permit its application to waxy or viscous 
oils at temperatures that insure treatment in a non- 
viscous, completely liquid state. The stability and 
recoverability of furfural is emphasized by the low 
operating losses experienced by commercial refining 
units, 

The wide application of furfural to solvent refining 
is illustrated by the fact that units ranging from 60 
to 6000 barrels per day of charge oil capacity, totaling 
over 41,000 barrels per day, have been installed in 
some 20 refineries for the solvent extraction of naph- 
thenic or paraffinic distillate and residual oils. Addi- 
tional furfural-extraction units having a combined 
charge capacity of over 19,000 barrels per day are 
under contract for construction. 

The furfural-extraction unit represented by the 
accompanying flow diagram comprises an extraction 
or treating section, a raffinate-recovery section, an 
extract-recovery water-removal facilities, 
process surge tanks and pumping equipment. Fur- 
fural, however, because of its stability over a wide 


secti yn, 


range of operating conditions, lends itself to a vari- 
ety of methods of recovery from raffinate and extract 
solutions. Different types of the solvent-recovery sys- 
tems have been developed and used, in order to 
provide for maximum operating economy of each 
particular installation. 

One of the major improvements in the process in 
recent years has been the development of a highly 
efficient treating tower, in which an increased degree 
of fractionation is obtained between the relatively 
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insoluble, desirable lubricating-oil fractions and the 
more soluble, undesirable fractions. Untreated oil is 
introduced into the continuous countercurrent extrae- 
tor at some mid-point and at a predetermined tem- 
perature of from 110° to 200° F. The temperature of 
the furfural charged near the top of the extractor 
varies depending on the charge stock, up to 290° F, 
or higher. A substantial temperature gradient is 
maintained between the top and bottom of the tower 
by indirect water coolers provided to control the tem- 
perature spread. 

The extraction tower generally is operated with 
a prevailing oil phase through which the dispersed 
furfural phases passes downward over Raschig ring 
nests which afford an extensive surface of contact 
between the phases. This, in turn, promotes rapid 
and relatively complete equilibrium by interchange 
between the pfiases without mechanical mixing or 
pumping equipment. The concentration of undesir- 
able oily constituents in the furfural phase increases 
toward the bottom of the tower from which the 
extract solution is withdrawn continuously. Con- 
versely, the oil quality improves toward the top of 
the tower from which practically all oil of prede- 
termined raffinate quality that is present in the 
charge stock, overflows with a small percentage of 
furfural dissolved in this phase. 

Further improvement in fractionation between de- 
sirable and undesirable constituents has been secured 
by the controlled recirculation or “refluxing” of ex- 
tract to the lower portion of the tower. The recircu- 
lated extract functions in much the same way as 
reflux to a distillation column, in that it sharply 
fractionates oil from the extract solution, and this oil 
rises again to the refining zone for re-extraction and 
consequent improvement in raffinate yield. 

The recovery of solvent is accomplished by con- 
tinuous distillation of furfural from the raffinate and 
extract phases in the respective recovery sections 
followed by steam stripping of each product. The 
overhead condensate from the steam strippers sepa 
rates into two furfural-water layers, one rich and the 
other lean in furfural. The recovery of furfural from 
water is accomplished in a simple continuous frac- 
tionating system in which dry furfural is removed 
from the bottom of one tower and water from the 
bottom of another tower, taking overhead from each 
a constant-boiling mixture of water and furfural 
which is condensed and returned for redistillation. 

This discussion is presented through the coopera 
tion of Texaco Development Corporation, 135 East 
42nd Street, New York, New York, licensors of the 
Furfural Refining Process. 
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Gas-Concentration and Stabilization Process 





THE LUMMUS COMPANY 


Pete INCENTRATION and stabilization plants 
are among the earliest secondary processes used in 
petroleum refining. The necessity for such plants 
dates back to the earliest days of thermal cracking, 
especially in situations where low-pressure separa- 
tion of the cracking-plant effluent was conducted. As 
the art of thermal cracking developed there was a 
trend towards employing high- pressure-fractionation 
systems and thereby minimize the necessity for gas- 


recovery sy stems. 


Practically all refineries in operation today include 
some form of gas-recovery and st: ibilization plant. 
The design of this plant depends to a considerable 
extent upon the type of processing units employed 
and the amounts of wet gas and unstable distillates 
to be handled. However, there have been significant 
advances in methods of handling these materials, 
with the result that substantial savings in both in- 
vestment and operating costs can be made over 
antiquated or obsolete systems. Each refinery situa 
tion requires special consideration. 

The advent of catalytic cracking brought about a 
great increase in the installation of gas-concentration 
and stabilization facilities for the twofold reason that 
catalytic-cracking plants produce large quantities of 
pentane and lighter materials and that these plants 
must of necessity fractionate the reactor effluent at 
low pressure. The most suitable type of gas-concen- 
tration facilities for operation in conjunction with 
catalytic cracking will depend to some extent upon 
the type of catalytic-cracking operation and the na- 
the charging Gas-concentration units 


ture ol stock. 
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of a variety of designs, however, may be used for 
accomplishing any required separation and recovery, 
The Lummus Company has given careful considera- 
tion to the many possible types of plant and has 
determined that the system shown in the flow sheet 
opposite represents one of the simplest and most 
economical for situations where it is necessary to 
recover all C,’s and high recovery of C,’s. 

This plant consists of a compression system for 
raising the pressure of the wet gas to approximately 
150 psig and contacting this material with the un- 
stable distillate; an absorber for processing the wet 
gas from the contact drum with debutanized gasoline 
and heavy naphtha; and a debutanizer for producing 
debutanized pasoline and an overhead C,, C, con- 
densate stream. The debutanizer in effect acts as a 
still for the absorption naphtha, however part of the 
lean oil flows directly from the low-pressure-frae- 
tionating system of the catalytic-cracking unit to the 
top of the, absorber for the purpose of sponging the 
small amount of pentanes and heavier material evap- 
orated from the debutanized gasoline making up the 
bulk of the lean oil. The debutanizer overhead con- 
densate mayv-be charged through a Girbotol unit to 
a catalytic polymerization plant or may be charged 
to a depropanized for recovery of butane-butylenes 
and an overhead C, condensate. The debutanizer may 
be reboiled with 450-pound steam or with hot cir- 
culating oil from the low-pressure-fractionating sys- 
tem, the latter usually being more desirable. In some 
situations it has been found desirable to provide a 
fractionating absorber equipped with a reboiler in 
order to reduce the gas recycle from the debutanizer 
and the amount of gasoline recycled to the absorber 
for lean oil. 
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Girbotol Process 








THE GIRDLER CORPORATION 


& E Girbotol Process (patented) for the separation 
of acidic constituents from gaseous and liquid mix- 
tures, is widely used for purification of gases and 
liquids in the petroleum industry. The process is em- 
ployed for removal and recovery of hydrogen sulfide 
from natural and refinery gases, for simultaneous de- 
sulfurization and dehydration of natural gas, for 
purification of liquid hydrocarbons, and for separation 
of carbon dioxide from hydrogen used for hydrogena- 
tion of oil and synthesis of iso-octane. 

Operation of the Girbotol Process is based upon 
the discovery that aliphatic amines have a strong 
affinity for acid gases such as hydrogen sulphide and 
carbon dioxide at or near atmospheric temperature, 
but at higher temperatures the affinitv drops off 
rapidly and the gas is expelled. The process operates 
in a continuous cycle, absorbing acid gas from a gas 
stream at atmospheric temperature and expelling it 
at another point by raising the temperature of the 
absorbent. Because the amines are strong bases, 
freely soluble in water, large volumes of acid gas 
may be removed per volume of solution circulated 
The efficiency of the process is therefore high. 
Hydrogen sulphide is recovered in concentrated form. 

The cycle and equipment emploved in the process 
are almost identical with those of a gasoline absorp- 
tion plant (see flow chart). Gas to be treated flows up 
through a bubble tower or absorber. Amine solution. 
at atmospheric temperature, enters the absorber and 
flows down the tower from tray to tray picking up 
the acid gas. Purified gas leaves the absorber at 
the top. 

Amine solution, saturated with acid gas, passes 
through heat exchangers, where its temperature is 
raised to 190-200° F., and into the upper part of the 


reactivator, which also consists of a bubble tower, 
containing in its base a tubular reboiler section and 
at the top a reflux condenser. The amine solution, 
flowing down the tower, is heated to 215-220° F. by 
steam rising from the boiling solution in the reboiler 
section, and the acid gas is expelled and flushed out 
by ascending vapors. The acid gas leaves the re- 
activator saturated with water vapor at 190-200° F. 
and flows through the condenser where it is cooled by 
water and the steam condensed. The condensate is 
returned to the reactivator. Hot, lean solution, 
stripped of acid gas flows from the base of the re- 
activator to a pump, thence through the exchangers 
in counter current relation to the cold, rich solution. 
From the exchangers the solution passes through 
water coolers, and finally back to the top of the ab- 
sorber. The plant is entirely automatic in operation, 
requiring only casual supervision. 

Desulphurization — Separation of hydrogen sul- 
phide from hydrocarbon gases is accomplished as 
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described above. The gases may be treated at high 
or low pressure with equal success, but gas under 
pressure is purified more economically because 
smaller towers are required and larger volumes of 
hydrogen sulphide are removed per gallon of solution 
circulated. The process is well adapted for purifying 
gas containing a high percentage of hydrogen sul- 
phide. The rate of reaction in the absorption stage is 
so rapid that complete stripping may be obtained in 
a single tower. Because an aqueous absorbing solu- 
tion is employed, practically no hydrocarbon constitu- 
ents are removed from the gas if the physical condi- 
tions of temperature and pressure are controlled. This 
makes it possible to apply the process for the purifica- 
tion of wet gas before the extraction of gasoline and 
results in lower subsequent treating costs to purify 
the gasoline. 

The Girbotol Process is useful for the purification 
of gaseous feed to a polymerization plant. Unless the 
poly feed is substantially free of hydrogen sulphide, 
mercaptans and other sulfur compounds formed dur- 
ing polymerization must be removed from the poly 
product. Such after-treatment is expensive and dam- 
aging to the octane number and the blending value 
of the poly product. The poly feed may be purified 
with the Girbotol Process at any temperatures up to 
180° F. 

Dehydration and Desulphurization—In several 
Girbotol plants purifving natural gas for pipe line 
distribution, simultaneous dchvdration of the gas is 
accomplished by emploving a dehydrating liquid such 
as diethylene glycol in solution with the Girbotol 
absorbent. H,S and water are both scrubbed from the 
gas, and expelled together from the Girbotol re 
activator, the H,S assisting in carrying the excess 
water from the tower. 

It is thus possible to sweeten sour natural gas and 
dry it in a single, simple plant. Such gas is being dis- 
tributed through pipe lines to domestic and industrial 
customers. without troubles from pipe line freeze-ups. 

Desulphurization of Liquid Hydrocarbons—The re 
moval of hydrogen sulphide from liquid hydrocarbons, 
such as propane, butane, and gasoline, is being carried 
out successfully in a number of Girbotol plants. Packed 
towers are used for contacting the liquid streams, while 
the amine solutions are reactivated in the usual mannef, 

Carbon Dioxide Removal from Hydrogen—The Hy- 
girtol Process for the production of high-purity hydro- 
gen from hydrocarbons and steam utilizes the Girbotol 
process for the removal of carbon dioxide from hydro 
gen. The Girbotol process is the only cyclic process @ 
commercial use for effecting complete removal of carbon 
dioxide from other gases at or near atmospheric pres 
sure. : 

This information is presented through cooperation of 
The Girdler Corporation, Louisville, Kentucky, ownet 
and licensor of the Girbotol Process. 
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Gray Catalytic Desulfurization Process 





TEXACO DEVELOPMENT CORPORATION 


‘Bae Gray catalytic desulfurization process, now 
commercially used for the elimination of both mer- 
captan and non-mercaptan sulfur compounds from 
lighter petroleum fractions, meets the need for a cata- 
lytic process utilizing a low-cost catalyst and ena- 
bling the employment of a highly selective procedure 
to minimize product losses through undesirable side 
effects. 

To accomplish the desulfurization, gasoline vapors 
are passed through a bed of the catalyst at an elevated 
temperature, the temperature dependent on the type 
of charge stock and the degree of effect desired. The 
pressure of operation, while usually of a low range, 
is sufficient to secure the desired flow of vapors 
through the process and auxiliary equipment. 

The catalyst used is of the solid adsorbent type, such as 
fuller’s earth and the like, which is low in cost and readily 
available from many widely spaced deposits in the United 
States, and therefore conveniently accessible to all refining 
centers in this country, It has been found that a wide selec- 
tion of effective clays can be used and several plants operat- 
ing the Gray catalytic desulfurization process are using differ- 
ent fuller’s earth, choice of clay being made after considera- 
tion of operating and economic factors. A flow diagram is 
shown. ; 

In the application of the process to straight-run gasoline 
(referring to the flow diagram), the desired fraction is heated 
to a temperature in the order of 700° F. in a furnace of 
simple design. The heated vapors pass through a bed of solid 


Desulf. of S. R. 
Gasoline from 
New Mexico Crude** 


HoS Free | 
Charge | 


HoS Free 
Product 


Desulfurization of Various 


adsorbent catalyst at a flow rate dependent upon the 
character of the feed and nature of the sulfur compounds, 
wherein the conversion of mercaptan and non-mercaptan 
sulfur compounds takes place. The vapors leaving the 
catalyst chamber pass in heat exchange with the incoming 
gasoline and go then to a condenser and separator. A large 
part of the sulfur present in the original mercaptan and non- 
mercaptan sulfur compounds is converted to hydrogen 
sulfide, which is partially removed in the separator and the 
remainder removed by means of either a caustic wash or 
simple stabilization. One of the important economic factors 
realized as a result of application of this Gray process to 
straight-run gasoline is that, other than removal of hydrogen 
sulfide, no further treatment of the gasoline is required. 

The desulfurization of 100% cracked gasoline ordinarily 
requires that the gasoline be pre-treated by the conventional 
Gray treating process prior to desulfurization in order that 
the most economical catalyst life be realized. Catalyst yields 
here range upward of 1,200 bbls./ton. The use of the conven- 
tional Gray process prior to desulfurization can be addition- 
ally justified on the basis that it effects refining of the gaso- 
line by the removal of diolefins and thereby obviates the need 
for using inhibitors in the final product. 

Untreated cracked gasoline is being desulfurized in a 
commercial installation with substantial lead savings in the 
form of a 50-50 blend with straight-run gasoline. In this case 
the straight-run gasoline, as well as the cracked, has poor 
lead susceptibility, and both cracked and straight-run com- 
ponents are together improved by desulfurization treatment. 

Catalyst yields range from 800 to 1000 barrels per ton for 
this operation and the low cost of the fuller’s earth type 
catalyst used in the Gray desulfurization process makes it 
possible to realize substantial net savings over the cost of 
operation at these catalyst yields. 

Licensed by Texaco Development Corporation, 135 East 
42nd Street, New York. 
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Desulf. of S. R. 
Gasoline from 
Michigan Crude** 
4 HoS Free 


H2S Free | H2S Free eB De 
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Charge | Product 





Gravity, A.P.I. 55.5 
Distillation: 

IBP : 115 
169 
266 
387 
: : ‘ 436 
ASTM Gum ; : ; l 


10 percent. . 
50 percent. . 
90 percent 
EP 


Percent Percent 
0.138 
0.057 
0.081 

Positive 


0.0280 

0.0017 

0.0263 
Positive* 


Total Sulfur 
Mercaptan Sulfur , 
Non-Mercaptan Sulfur (by diff.) 
Doctor Test aa 
ASTM Octane No.: 
Clear... 

Plus icc TEL 

Plus 2cc TEL 

Plus 3cc TEL. . 
1939 Research Octane No. 

Clear fas en 

Plus lec TEL 63.4 

Plus 2cc TEL : is Pe 68.8 

Plus 3cc TEL < x ‘ 71.5 
HR&G Lead Susceptibility a se 
Clear Octane Increase: 

ASTM % 

1939 Res - 
EL Required for 63 O. N 
EL Required for 68 O. N : 
. Required for 69 O. N. ASTM 
. Required for 70 O. N. 
. Required for 70 O. N. (Extr.) 
. Required for 71 O. N. 1939 Res 
. Required for 72 N. (Extr.) 


54.4 
61.3 
66.3 
69.4 


56.5 


S344 
OE} OE) OE) Oe) 
p= pms See fm poms 


. Saving at 63 O. N 
. Saving at 68 O. N 
. Saving at 69 O. N. 
. Saving at 700. N.. —— 
. N. (Eixtr.)... 
N. 1939 Res. 

N. (Extr.) 


. Saving at 70 O 
. Saving at 71 O. 
72 O. 


Ps es 


. Saving at 


67.8 67.6 64.8 
131 98 
187 136 
261 228 
348 320 
395 360 
en 1.6 


98 132 
134 188 
216 263 
286 349 
342 396 


135 
218 
290 
338 


Percent 


Percent 

0.038 

0.007 
0.031 


Percent Percent 





Percent 
0.105 
0.040 
0.065 
Positive 


0.005 

0.0004 

0.0046 
Negative 


0.053 
0.018 
0.035 
Positive 
58.8 
65.1 
67.8 


49.4 
62.6 
69.0 
73.1 


48.8 
59.2 
63.9 
67.0 























* Negative after Caustic Wash. 
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** Catalyst Life Approximately 5,000 barrels per ton. 


*** Catalyst Life 800 barrels per ton. 
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Gray Clay Treating Process 





TEXACO DEVELOPMENT CORPORATION 


‘its Process, named after its inventor, the late 
T. T. Gray, was first put into commercial operation in 
1924 at Barnsdall, Oklahoma. The licensed Gray 
“clay treating” process is used in treating gasoline pro- 
duced by various cracking, reforming, and polymeri- 
zation processes. These Gray towers have treated the 
product of Cross, de Florez, Dubbs, Gyro, Holmes- 
Manley, Tank & Tube, Combination Units and 
others, from variegated charging stocks ranging 
from Pennsylvania gas oil to naphthenic base crudes. 

The process is based on the selective polymeriza- 
tion of the unstable, unsaturated hydrocarbons result- 
ing from pyrolysis. The gum forming and other ob- 
jectionable properties of the gasoline are eliminated, 
while the desirable constituents pass through the 
process unchanged. The result is that treating losses 
are reduced to the vanishing point, with the octane 
number of the gasoline being processed unchanged. 
Most Gray installations are made in direct connec- 
tion with the cracking unit whereby the rerunning 
step is eliminated and a treated gasoline is produced 
directly at the cracking plant. Vapors to be treated 
are passed through fuller’s earth or similar adsorbent 
material, and the unstable unsaturated hydrocarbons 
are thereby polymerized into higher boiling com- 
pounds which are separated from the treated gaso- 
line by virtue of their higher boiling point. 

Treating costs are low. Operating costs are often 
only a fraction of a cent per barrel. No added labor is 
required and 3,000 to 30,000 barrels of gasoline have 
been treated per ton of clay before replacement or 
revivification is required. 

The apparatus required is simple. Fuller’s earth 
(usually 30-60 mesh) is charged to one or more of the 
treating towers (polymerizers) through which the 
vapors are passed. The greater part of the polymers 
rormed separate from the vapors in the tower, and 
any remaining polymers may be removed by a de- 
phlegmating or fractionating step before condensa- 
tion of the treated vapors. Division of the fuller’s 
earth into a series of beds gives better results than 
where the clay is used in one bed. However, except in 
cases where extremely low gum is required, a single 
treating tower is ordinarily sufficient. The flow dia- 
gram presented on the opposite page through the co- 
operation of The Gray Processes Corporation, Jersey 
City, New Jersey, shows a typical arrangement where 
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two polymerizers are employed. The towers are so 
manifolded that either can be used first, or, if desired, 
they can be used in parallel. 

The polymerizers are usually operated at the con- 
densing pressure of the distillation unit to which they 
are connected. It has been found that the higher the 
pressure, the greater the throughput per ton of clay, 
all other things being equal. Commercial units have 
been successfully operated at pressures as high as 
375 to 400 pounds. 

The quality of gasoline made during a run is quite 
uniform, since the decline in activity of the clay is 
gradual. Often, the activity of the treating material 
can be effectively prolonged by passing steam or a 
gasoline spray through the treating towers for a short 
time. Plants operate 90 days or longer between 
changes of clay. 

Following are results obtained in a typical installa- 
tion : 


RESULTS ON REFINING A HOLMES-MANLEY 
CRACKED GASOLINE FROM KENTUCKY 
CRUDE 
Holmes-Manley Redistilled 
Circulation 


-Topped Kentucky Somerset 
Crude (Gravity 28.4° API) 
Clean Oil Transfer Temp.. .965-980° F. 
Two Gray Towers in series..174 Ibs. pressure top Ist Tower 
Type of Clay Olmstead 
Throughput when sampled..3627 barrels per ton 
Tests on Gasoline: 
Gravity 
Distillation: IBP 


Cracking Plant 


Charging 


61.7°F. API Color-Saybolt 30+ 
84°F. Octane 78-77 


End-point 
Doctor 
Gum Tests: Sweetened 
Copper Dish (mg./100 ml.)........... ae oe Chane 3 
Oxygen Bomb: Induction Period (hrs.)........... 2% 
Storage Behavior of Gasoline (Doctor 
Sweetened Samples): 
Months Stored 2 3 
Copper Dish Gum (mg./100 ml.)........ 2 4 
Color Saybolt +29 +2 
Note the low copper dish gum test and good storage 
behavior. 
The Gray Process is licensed by Texaco Develop- 
ment Corporation, 135 East 42nd Street, New York. 
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Hot-Acid Polymerization 





SHELL DEVELOPMENT COMPANY 


be E Shell Companies have developed a method 
for producing isooctane from the butylenes pres- 
ent in refinery gas. Commercial size plants have 
given satisfactory performance over many months 
and the results in different refineries have proved 
the merit of this catalytic use of sulphuric acid. In 
this process both normal butylene and isobutylene 
hydrocarbons react to produce isooctenes. The yield 
of octenes obtained is twice the isobutylene content 
of the feed stock providing there is more normal 
butylene present in the original stock than isobuty- 
lene, as is usually the case. When these octenes are 
hydrogenated the resultant product has an octane 
number closely approaching that of pure isooctane. 
Feed stocks in different refineries are seldom the 
same, but the process has operated successfully on 
C, fractions varying widely in content of normal and 
isobutylene. 

The flow diagram on the opposite page shows the 
major pieces of equipment involved in the hot-acid 
process. The charge of butane-butylene fraction 
enters the system continuously through the recycling 
line of hydrocarbon and acid. Fresh acid is also 
added to this recycling line. The mixture of recycled 
stock, fresh acid and butane-butylene fraction goes 
first to a reactor cooler and then to a reactor time 
tank where the polymer is produced. The reaction is 
exothermic but sufficient cooling is provided to main- 
tain a temperature of about 80° C. This temperature 
promotes rapid polymerization so that the absorbed 
butylenes have only a transitory life in the acid 
phase, the polymer being immediately reabsorbed in 
the hydrocarbon phase. The process is thus truly 
catalytic. Present practice is to use about 70% acid 
and to allow from 10 to 15 minutes time of contact. 

The mixture of hydrocarbon, polymer and acid 
leaving the reactor time tank flows into the recycle 
line and into a reactor separator where most of the 
acid isfemoved by gravity separation. The stream 
of hydrocarbon and polymer from the separator is 
further cooled in the reactor product cooler and 
passed into a final acid separator. The hydrocarbon 
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and polymer then flow to the first debutanizer where 
most of the butane and some of the surplus normal 
butylene is removed overhead. 

The bottom product containing all the polymer is 
then delivered to a recycle line from the hydrolyzer 
time tank. The recycle line flows to a heater using 
exhaust steam and thence to hydrolyzer time tank 
in which all entrained acid is neutralized and acid 
sulphates are hydrolyzed with caustic. The caustic- 
polymer mixture then passes to a hydrolyzer sepa- 
rator where the free caustic is removed, the hydro- 
carbon and polymer residue being delivered without 
further heating to a second debutanizer. In this 
column the remainder of the butane and all surplus 
butylene is removed, the bottoms being pumped 
through another steam heater to the dimer column. 
Here the dimer, which is the final product, is sepa- 
rated from the heavier hydrocarbon and delivered 
overhead to storage. 

The chief advantage of this system is that normal 
butylene as well as isobutylene is used to produce 
the polymer (or dimer). Normal butylenes do not 
polymerize with themselves as readily as do isobuty- 
lenes, but in the presence of isobutylene the normal 
butylenes will react readily to form interpolymer and 
it is for this reason that the yield of polymer is 
equivalent to twice the amount of isobutylene present 
in the charging stock. The interpolymer, passing into 
the hydrocarbon phase as rapidly as it is formed, is 
diluted by the inert butanes. Its activity is thus re 
duced, leaving little opportunity for the formation of 
trimers or rearrangement to polymers of lower octane 
rating. Consequently, the polymer formed is about 
90 to 95 percent octenes. The product obtained upon 
hydrogenation has an octane number averaging be- 
tween 98 and 99. 

Operation of the unit is simple; one operator per 
shift is sufficient. Both polymerization and neutrali- 
zation are automatic once the rate of flow is estab- 
lished. 

This process is licensed by Shell Development 
Company, New York. 
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Houdry Dehydrogenation Process 





HOUDRY PROCESS CORPORATION 


, Houdry dehydrogenation process employs 
the “adiabatic” principle, eliminating heat exchange 
within the reactor and resulting in considerable sim- 
plification of equipment. At the same time adequate 
temperature control is provided to insure high con- 
version and good selectivities. It is equally applica- 
ble to the production of mono-olefins and di-olefins 
from their corresponding paraffins, di-olefins from 
mono-olefins or from mixtures of paraffins and mono- 
olefins and aromatics with unsaturated side chain 
from alkylaromatics. 

Dehydrogenation is accomplished by passing the 
preheated hydrocarbon vapors under controlled con- 
ditions of space velocity, temperature, and pressure 
over catalysts of suitable composition and controlled 
activity. During the reaction period, a large amount 
of heat is absorbed due to the endothermic heat of 
reaction. In addition to products of dehydrogenation, 
including free hydrogen, a small amount of fixed gas 
is produced and coke is deposited on the catalyst. 
This coke has to be burned periodically in order 
to restore initial catalyst activity. 

The characteristic feature of the Houdry dehydro- 
genation process is that the operating conditions are 
so chosen that the heat used for the reaction is sub- 
stantially balanced by the heat developed from the 
combustion of the coke deposit. Furthermore the 
heat capacity of the catalyst bed is controlled by 
mixing with the active catalyst an inert material of 
granular form having high density and high specific 
heat. This inert material acts as a heat-storage me- 
dium, absorbing, during the regeneration cycle, the 
heat of combustion of the coke deposit with a re- 
sultant increase in temperature and releasing this 
heat during the reaction period with corresponding 
temperature decrease. A combination of short on- 
stream periods and high heat capacity of the catalyst 
mass insures a narrow range of temperature neces- 
sary for optimum conversion and selectivity, while 
adjustments in the desired temperature levels are 
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obtained by variation of hydrocarbon and air inlet 
temperatures. 

Advantages derived from the use of this scheme 
are as follows: 

(1) Cheap reactor construction since no special- 
alloy heat-exchange equipment is necessary. Carbon 
steel, internally insulated, can be used. 

(2) Reactants are introduced at _ substantially 
reaction temperature, precluding thermal cracking, 

(3) No high temperatures are encountered during 
regeneration, thus catalyst life is extended. 

(4) Regeneration can be accomplished with fresh 
air. No flue-gas recirculation is necessary. 

(5) Due to adequate temperature control, opti- 
mum conversion and selectivities are maintained. 

Mechanically the process operates under the prin- 
ciples of the Houdry Fixed-Bed Cracking Process, 
with reactors arranged in groups of three. On each 
reactor, the on-stream period is followed by a vacuum 
purge of hydrocarbons then a regeneration period 
accomplished by circulation of air preheated by 
direct combustion of fuel in the stream. At the end 
of the regeneration period products of combustion 
also are purged by means of a steam ejector, prior 
to the following on-stream period. Thus in a three- 
reactor group one reactor receives hydrocarbons 
while the second receives air and the third under- 
goes valve changes and purging operations. By these 
means, continuous flow of air and hydrocarbons is 
achieved. 

Motor valves are operated by a cycle timer of con- 
ventional design and electrical interlocks preclude 
operation of a particular valve if the operation of 
the preceding valve has not been completed. 

The products of reaction are cooled, separated from 
the fixed gases and purified in equipment of con- 
ventional design, unconverted material being re 
turned as cycle stock to the process. 

Several years of continuous operation of two units 
producing butadiene from normal butane have dem- 
onstrated the commercial feasibility of the process. 
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Houdry Fixed-Bed Catalytic Cracking Process 





HOUDRY PROCESS CORPORATION 


3 THE field of catalytic cracking the Houdry 
process employing fixed catalyst beds is the pioneer. 
The first commercial-scale plant was put in operation 
in 1936 and since then many additional units have 
been installed in both the United States and abroad. 
Two fundamental needs of catalytic cracking are 
to furnish heat during the endothermic cracking pe- 
riod and to remove heat during the exothermic re- 
generation, or the period during which the carbo- 
naceous catalyst deposit formed from the cracking 
reaction is burned. The fixed-bed type reactor or case 
has been designed to fulfill these requirements. 
Essentially, the reactors are tubular heat-exchange 
vessels. The catalyst bed lies in the shell side through 
which flow the oil or air vapors. On the tube side a 
molten mixture of alkali metal salts is circulated. 
Inasmuch as the net effect of catalytic cracking and 
carbon burn-off is exothermic, the circulated salt is 
used as a cooling medium. The high heat capacities 
of the steel reactor structure and of the catalyst bed 
have been major factors in design of equipment. 
Full utilization is made of the large quantities of 
heat evolved during operation. The bulk of the heat 
is removed from the reactors by the flowing molten 
salt, of which a part is circulated through a by-pass 
to the salt-steam generator and superheater and an- 
other portion through a salt-air heat exchanger used 
for preheating the regeneration air to the cases. The 
relatively cool salt returning from the boiler and air 
heater is fed again into the main body of salt, and by 
this means the total salt to the reactors is maintained 
constant at any desired temperature. The heat car- 
ried from the reactors by the regeneration gases is 
utilized in providing power to the gas turbine used 
to drive the compressor supplying regeneration air. 
A major improvement in the Houdry fixed-bed 
process has been affected in the past two years by 
redesigning the reactor tubes and changing the 
physical composition of the catalyst mass. The heat- 
exchange conditions have been improved and me- 
chanical and process advantages obtained. Since the 


Typical Houdry Fixed-Bed Operation Cracking Gasoil from Mixed Base Type Crude 
Once-Through Cracking for Motor Gasoline Production 
Gasoil from Mixed-Base Type Crude 


Process 
Type Charge Stock 
Type Catalyst- 


Type 


Synthetic 


new design is a simplification of the original, lower 
operating costs result by virtue of reduced mainte. 
nance and downtime for catalyst change and turn- 
arounds. All vapor distributing elements are now 
easily removable from the cases and are, therefore, 
removed and thoroughly cleaned on every catalyst 
change, assuring goed distribution of the vapors and 
maximum yields of the desired cracked products, 
Because of the improved mechanical distribution 
thus attained and the higher on-stream efficiencies, 
greater production of high-octane gasoline results. 

Three 12-case Houdry units have been converted 
to the new design and one has been in operation for 
two years. It is reported that not only are operating 
costs reduced and gasoline output increased, but that 
improved gasoline quality has been achieved because 
of the greater supply of heat available within the 
catalyst mixture for the cracking reaction. 

The flow diagram shows the three essential parts 
of the Houdry system—(1) a furnace for vaporiza- 
tion of the charge to the reactors, (2) the catalytic or 
case section, and (3) the fractionating equipment for 
splitting the synthetic crude into useful products. 
Only three catalyst cases are shown, illustrating the 
least number generally employed in Houdry cracking 
plants. Larger plants employ multiples ot three or 
four cases with the reactors manifolded in pairs. 

Either natural or synthetic catalyst may be loaded 
to the reactors and in those plants modified to the 
new design mixtures of active catalyst and high-heat- 
capacity, low-cost inert material have been used. In 
the modified reactors essentially the same quantity of 
active catalyst is charged as before design changes 
were made. The inert material takes the place of 
those tubes and metal fins that were eliminated im 
the simplified design. 

An electrical timer transposes the cyclic operation 
of each reactor to a continuous operation of the over- 
all unit. The cycle is, briefly, that one reactor or pait 
is on-stream while a second is being regenerated and 
the third is on oil purge, air purge, or repressuring 
operation and undergoing the necessary valve 
changes. The purges are affected by steam-jet ejectors 
and, in addition, during the oil 
evacuation, sweeping steam is ad- 
mitted to the reactor. Motor- 
operated valves actuated by im- 








Operating Conditions: 
Space Velocity, V/Hr/V 
Temperature of Salt to Reactors, °F. 
On-Stream Reactor Pressure, psig 
Process Steam 
Time on Stream, Minutes 
Time of Complete Cycle, Minutes 


pulses from the cycle timer as 
sure continuous oil and air flow 
through the system, and appropri- 
ate electrical interlocks preclude 
any mixing of the streams. 





Vol. | 
Percent 

Fresh 
Charge 
te Gravity 5 10 50 90 95 
Reactor "API | Percent | Percent! Percent | Percent 


Percent 


By adjustment of the case op 
erating variables such as tempera- 
ture, pressure, space rate, etc., the 
relative yields of gasoline, fuel 
gas and catalytic gasoil may be 


C.F.R.M. 
Clear 
Octane 








Charge: 
Virgin Gasoil 

Products: 
Motor Gasoline 
Catalytic No. 2 Fuel Oil 
Catalytic Heavy Gasoi!__.| 5.0 8. 588 600 650 
Excess C4 Fraction 9.9 | | 
Dry Gas, Cs & Lighter, i 

4.8 





46.3 57.9 115 127 232 

















Weight Percent 








100.0 35. 490 506 560 673 710 


39.8 32.! 470 480 520 610 


varied over a wide range. Typical 
operating conditions, yields, and 
inspections when cracking gasoil 
for motor gasoline production are 
given in the accompanying table. 
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Houdry Process for Treating Motor Gasoline 





HOUDRY PROCESS CORPORATION 


‘we Houdry Process for treating motor gasoline 
is a catalytic, vapor-phase, low-temperature, regen- 
erative process for handling straight-run, thermally- 
cracked or reformed, and catalytically-cracked motor 
gasolines, or blends of such gasolines. It is applicable 
to low-sulfur and high-sulfur-content gasolines, yield- 
ing a product which, after fractionation to end-point 
and stabilization, is sweet to doctor test, non-corro- 
sive to copper strip, of good color and color stability, 
of low gum content, and stable to oxidation. It also 
results in improved leaded octane ratings and does 
not depreciate but in many instances improves un- 
leaded ratings. 

Although there is always a reduction of the total 
sulfur content, the process is especially selective to 
sulfur compounds which react to the doctor and 
copper-strip tests, and effects practically complete 
removal of these compounds from high- and low- 
sulfur gasolines. The less active sulfur compounds 
remain in the gasoline, while the sulfur compounds 
removed are retained on the catalyst and rejected 
along with the products of combustion during the 
regeneration cycle. 

Colored, color-forming, gum and gum-forming 
components are converted to polymers, the heaviest 
of which are deposited on the catalyst while the bal- 
ance is carried from the catalyst with the other prod- 
ucts of reaction and separated by fractionation to be 
recovered as a polymer or light gasoil fraction. 

Yields of treated gasoline are in the range of 95-98 
percent by volume, depending on the quality of the 
charging stock. Polymer gasoil, catalyst deposit and 
a small quantity of by-product gas comprise the bal- 
ance of the products. 

Typical results from application of the process to 
high- and low- sulfur gasolines are given in the ac- 
companying table which presents data obtained in 


laboratory pilot-plant and current commercial opera- 
tion. 

The process is effected in salt-cooled fixed-bed re- 
actors. The operating cycle comprises the on-stream 
period, the duration of which depends on the charg- 
ing stock but is always several hours; a purge period 
effected by steam circulation; a regeneration period 
during which low-pressure preheated air is intro- 
duced to the reactor to burn off the coke deposit left 
on the catalyst by the preceding on-stream period, 
and molten salt is circulated to remove the heat of 
combustion and bring the reactor back to operating 
temperature; and a final steam-purge period, prior to 
the introduction of hydrocarbons. Due to the length 
of the on-stream period, only two reactors are neces- 
sary: the flow of oil and air are continuous, but the 
air is by-passed during the purges and valve changes. 

The raw, unstabilized charging stock is brought to 
operating temperature, of the order of 600-650° F. in 
a conventional furnace after heat exchange with prod- 
ucts of reaction. Operating temperature is maintained 
during the on-stream cycle by the heat of the stream 
and a slightly exothermic heat of reaction. The prod- 
ucts are partially cooled in exchangers and are then 
conveyed to a tractionator where polymer is sepa- 
rated and final adjustment in end-point is made. The 
overhead then is stabilized to the desired vapor pres- 
sure. 

During the regeneration cycle the catalyst reaches 
a maximum of 1000-1100° which is controlled by the 
rate of air flow and the circulation of molten salt. At 
the end of the regeneration period salt circulation is 
continued to bring the reactor to operating tempera- 
ture. The heat of combustion is recovered as high- 
pressure steam in a boiler of special design, wherein 
heat is removed from the circulating molten salt. 

Reactor design is adapted to these conditions and 
is somewhat different from the 
conventional cracking reactors, 
allowing regeneration tempera- 








Houdry Treating High- and Low-Sulfur Gasolines 


Blend of 


tures suitable for catalyst clean- 


CHARGE STOCK 


Thermally 
Cracked 
Gasoline 


Thermally 
Cracked 
Gasoline 


Thermal and 
Catalytic 
Gasoline 


Thermal and 
Catalytic 
Gasoline 





Type Operation 


Yields: 
Treated Gasoline, Percent Vol 
Polymer, Percent Vol. 
Gas, Percent Weight 
Coke, Percent Weight 


Inspections: 
Ora o. ASTM: 


E.P. 
Recovery, Percent 
Color, Saybolt 
or Test 
Copper “y, 
Glass Dish Gum mg./100 ec. 
C r Dish. Gum mg./100 ce 
Os b Stability, Hrs. 
Sulfur, Percent Weight 
Octane Rating F2: 
Clear 
lee TEL/Gal. 
See TEL/Gal. 





Pilot Plant 
96. 
1 


1.2! 
Product 


109 114 
157 165 
266 266 
370 
420 


Charge 








Pilot Plant 


Product 


98 110 
168 164 
268 278 
387 
416 
97 
6 
sour 
tarn. 
11 
152 


36 


Charge 








Pilot Plant 


Charge 


101 
160 
288 
378 
415 


98 
(Yellow) 
sour 
ok. 

7 
71 


05 








Commercial 


98 
1.6 

2 
55 
Charge | Product 
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up, and lower on-stream tempefa- 
tures. The catalyst is especially 
prepared to fulfill the dual pur- 
pose of sulfur retention and poly- 
merization of undesirable compo- 
nents. Commercial experience has 
indicated a catalyst life of several 
years. 

The operation of two large com- 
mercial units has been completely 
satisfactory for several years OM 
blends of catalytically-cracked, 
thermally-cracked and thermally- 
reformed gasolines. 
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Howard Treating Process 





PETROLEUM RESEARCH CORPORATION 


= Howard Process is used in the treatment of 
light petroleum distillates—both cracked and straight- 
run products. It is licensed by Petroleum Research 
Corporation, 916 Walnut Street, Kansas City, Mis- 
souri, with research and development laboratory 
work. 

In its essence, it is a vapor-phase treating process, 
comprising a single once-through operation which 
depends upon a consecutive series of chemical and 
catalytic reactions and interactions to efficiently per- 
form the treating functions. The mechanical equip- 
ment is so arranged as to permit the various reactions 
to proceed under conditions favorable for effecting 
those results desired. The following functions are 
effected, namely: removal of objectional gums and 
gum forming materials; excellent stabilization toward 
oxidation, and sunlight; production of negative doc- 
tor and negative corrosion; appreciable sulphur re- 
duction ; production of good color and color stability ; 
retention of inherent octane value; appreciable im- 
provement in tetraethyl lead susceptibility ; and, low 
treating losses. 

Briefly, the process comprises a system wherein 
the raw vapors are first subjected to intimate and 
uniform treatment with chlorine gas; providing for 
removal of any resultant polymerized fractions from 
the vapors; then leading the treated vapors into a 
contact vessel where they intimately contact a solid 
reagent, the active ingredient of which is an oxidized 
form of zinc, metallic zinc, or a mixture of both; and 
finally condensing the vapors. The active ingredient 
in the contact vessel is carried in a solid binder, in 
which it is uniformly dispersed. The contact material 
is a manufactured product of specification materials. 
All heavy end fractions and polymers return to 
a prior point in the plant system where they are re- 
flashed to recover their gasoline content, and the 
heavier fractions pass, respectively, into the gas oil 
and fuel oil. The condensed gasoline is led to storage. 

Operating temperatures are those inherent to the 
vapors at system pressures ranging between 15 and 
25 Ibs. gage. Automatic controls can readily be ap- 
plied where required. Treating is effected with a mini- 
mum of chemical reagent, chlorine consumption vary- 
ing between 0.05 Ib./bbl. and 0.25 lb./bbl., while the 
contact bed can be periodically reactivated by simple 
steaming, and, when required, by burning in place. 

A number of applications of the process are per- 
missible and any specific installation is governed 
principally by the type of stock to be processed. 
Cracked distillates of a very refractory nature and 
carrying comparatively high sulphur contents are 
preferably stabilized first to eliminate propane, hydro- 
gen sulphide, and excess butane, before being sub- 
jected to treatment. Milder types of cracked distillates 
lend themselves to processing in direct connected 
units, where the processing unit becomes an integral 
part of the cracking system. Insertion of the treating 
unit between the fractionating column and the con- 
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denser, providing for direct-connected operation, is 
prescribed in the treatment of straight run gasoline, 
The combined gasoline and kerosene vapor cut may 
be treated as a whole, with fractionation and separa- 
tion of the gasoline and kerosene provided for in a 
following tower. Both the cuts will show major re- 
duction of sulphur. 

Many different types of products have been success- 
fully treated. These products include cracked products 
produced from the conventional type cracking proc- 
esses including vapor phase and polymerization units, 
and from stocks originating from a wide range of 
territories. Many straight run products have been 
treated, these ranging from comparatively low to 
comparatively high sulphur and mercaptan contents. 
In the once-through operation the process gives the 
combined results of a gum treatment, a sweetening 
treatment, sulphur reduction, color and gum stabiliza- 
tion, and improved lead susceptibility. 

In the matter of gum removal, gasolines after treat- 
ment show contents of from 2 to 12 mgs. by copper 
dish, but seldom show any gum by glass dish. Differ- 
ent type stocks account for difference in gum content. 
Good stability is secured. The induction period has 
also been found to vary, according to the type of ma- 
terial treated. Vapor-phase gasolines and those pro- 
duced by high temperature cracking show from 6 to 
10 hours induction period, but the average cracked 
gasolines from the conventional types of cracking 
processes show generally higher induction periods, in 
some instances going to as high as 30 hours. The 
long induction period, being indicative of good stor- 
age stability, is of considerable interest to those stor- 
ing finished gasoline for a considerable period. 

Products recovered from the treating unit are 
30 color, and it has been demonstrated many times 
that both cracked and straight run products are ex- 
ceptionally stable to sunlight. No haze, cloud, or 
deposition upon the walls of the vessel occurs after 
many hours exposure. Effective elimination of dele- 
terious sulphur compounds is obtained. 

The sulphur reduction is appreciable, averaging on 
all products in the order of 50 percent. The sulphur 
reduction varies, however, with different stocks and 
the general average reduction is 10 percent more on 
straight run products than on cracked products. A 
minimum reduction of 15 percent has been found on 
some products while a maximum reduction of 80 per- 
cent has been found on others. The difference of 
chemical nature of the sulphur compounds in the various 
stocks account for the difference in sulphur reduction; some 
sulphur compounds being readily susceptible to this type 
treating. Numerous determinations have shown that the 
total sulphur reduction is always equal to and usually great- 
er than the mercaptan sulphur content of the raw stock. 

No degradation of the product either as to octane or lead 
susceptibility is occasioned by treatment. On the contrary, 
there is a marked improvement in most cases and the mag- 
nitude of the improvement is tied in with the sulphur reduc 
tion, and obviously closely related to it. Appreciable ecom 
omies are therefore possible in those instances where addi- 
tions of tetraethyl lead are used to improve octane. Savings 
on the order of 50 percent are shown on straight run gaso 
lines, while cracked products show a variation of from 4 
low as 10 percent to as high as 40 percent. 
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Hydrocol Process 





TEXACO DEVELOPMENT CORPORATION 


‘ie Hydrocol Process, developed by Hydrocarbon 
Research, Inc., for the production of premium quality 
gasoline, diesel fuel oil and other products by the re- 
action of carbon monoxide and hydrogen, is a method 
for the synthesis of petroleum products. The starting 
material may be oxygen from the air and almost any 
hydrocarbon material, such as natural gas, coal, 
heavy crude oil or fuel oil. Due to its ability to use 
sources of carbon other than from petroleum to manu- 
facture products such as motor fuel, the Hydrocol 
Process may be looked on as a means of greatly ex- 
tending crude oil resources. Development of the 
process using natural gas as the raw material has 
brought it in line competitively with conventional 
refining processes, such as catalytic cracking, for the 
production of high-grade motor fuels. A number of 
large commercial installations are now under way. 
For a number of years, particularly during the past 
war period, the Germans prepared a synthetic gaso- 
line from carbon monoxide and hydrogen by the 
Fischer-Tropsch process. In this operation the Ger- 
mans reacted steam with coke and then adjusted the 
ratio of hydrogen to CO to that desired in the syn- 
thesis step by passing the gas through a water-gas 
shift reactor which converted some of the carbon 
monoxide to carbon dioxide and hydrogen. The re- 
sulting gas freed from its CO, was then passed over 
a cobalt catalyst in a fixed bed. This process had 
many shortcomings: 
1. The catalyst was expensive and reworking was frequent. 
2. The catalyst was extremely heat sensitive; this coupled 
with the fact that enormous quantities of heat are lib- 
erated in the reaction made for complicated and expen- 
sive reactor design. 
3. Power recovery from the reaction was low. 


4. The gasoline produced was of poor quality (octane num- 
ber 40 ASTM). 


These drawbacks were so serious that the Fischer- 
Tropsch process could be justified economically only 
under an artificial economy. It appeared, however, 
that the basic reaction of CO and hydrogen to pro- 
duce gasoline and other hydrocarbon products had a 
definite place in American economy. With that in 
mind, chemists and engineers of Hydrocarbon Re- 
search, Inc., and associates have been studying the 
process for more than eight years. The Hydrocol 
Process, as offered for license today, represents the 
culmination of these years of work. Its achievement 
depended upon the successful solution of the follow- 
ing problems: 

1. The manufacture of cheap oxygen. 

2. The efficient production of Hydrocol or synthesis gas 

from natural gas and oxygen. 

3. The development of a cheap, rugged and efficient cata- 

lyst to promote the conversion of Hydrocol gas into 
gasoline. 
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4. The engineering of an integrated plant, including a re- 
actor design, which would permit absolute temperature 
control and an efficient recovery of the heat of reaction 
in the form of useful power. 


A simplified flow diagram of the process as applied 
to one of the plants now under construction is shown 
on the opposite page. Natural gas and oxygen sepa- 
rately preheated are caused to react in an open-type 
generator at 2500° F. and 250 psig. The resulting gas 
is scrubbed with water and then heated by exchange 
with the generator gas and divided into a major and 
minor stream. The minor-stream is passed over a 
water-gas shift catalyst to convert the CO to hydro- 
gen and CO,. The CO, is scrubbed out and the hydro- 
gen is passed to the catalyst treating plant. The ma- 
jor stream is introduced into the synthesis reactor 
where it is caused to react in the presence of a stream 
of recycle gas at 650° F. and 245 psig over a fluidized 
bed of catalyst. The products leaving the reactor are 
passed to a cyclone separator from which catalyst 
fines are recovered. These products pass through a 
heat exchanger where they are employed to heat re- 
cycle gas. From the heat exchanger the products pass 
to a cooler and into a separator. In the separator, 
separation into three phases occurs, namely gas, 
hydrocarbon and water. A portion of this gas is 
passed to an absorber, while the remainder is recycled 
back to the reactor. The water containing by-product 
oxygenated compounds is drawn off the bottom of 
the separator and treated for the removal of the 
chemicals, consisting chiefly of alcohols, ketones, 
acids and aldehydes. The small percentage of by- 
product oxygenated compounds contained in the hy- 
drocarbon fraction is removed and the product is then 
fractionated. The off gas is passed to an absorber 
with gas frdm the separator, and the total C,s and 
C,s are polymerized and the polymer gasoline is 
combined with the treated gasoline. The unabsorbed 
gas is used as fuel for the oxygen and natural-gas 
preheaters. In the synthesis step 98.8 percent of the 
CO and 95.1 percent of the hydrogen are converted 
with yields as shown on the diagram. 


Representative tests on Hydrocol gasoline blend 
are shown below. 


Pe cities cvcadadineasened 66.4 
Crees. GR. GIT. noc sc cedesccaces 79.2 
Coreeee SO. Gas kv cc cwdcececces 90.9 
kf fg SEEN eee eee 9.2 


This brief description and accompanying flow dia- 
gram of the Hydrocol Process was made possible 
through the courtesy of Texaco Development Cor- 
poration, 135 East 42nd Street, New York 17, New 
York, licensors of the Hydrocol Process. 
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Hydroforming Process 





THE M. W. KELLOGG COMPANY 


ee is primarily a catalytic proc- 
ess for converting a low-octane naphtha into a high- 
octane gasoline suitable for fuel in high-compression 
automobile engines. This conversion or reforming is 
accomplished largely by means of dehydrogenation 
and cyclization reactions, These reactions are pro- 
moted by molybdena-on-alumina catalyst at tem- 
peratures of 900-1000° F. 
psig with a high partial pressure of hydrogen in the 
reaction zone. The hydrogen partial pressure is main- 


and pressures of 150-300 


tained by recycling hydrogen-rich gas to the reaction 
zone along with the vaporized fresh feed. The proc- 
ess usually produces a large amount of net hydrogen, 
which makes possible the hydrogen-rich recycle. 

Naphthenes (cycloparaffins) in the feed stock are 
dehydrogenated, and some molecules are slightly re- 
arranged to form aromatics. Considerable cyclization 
of straight-chain hydrocarbons also takes place. If 
any olefins are present, as is the case when same 
cracked naphtha is included in the feed, these are 
almost completely converted to paraffins or ring 
compounds. Over 90 percent of the sulfur contained 
in the naphtha feed is removed, giving a low-sulfur 
reformate even when a sulfur-bearing naphtha is 
charged. Additional characteristics of hydroformer 
gasolines are low Reid vapor pressures; high clear 
octane numbers; high lead susceptibilities. 

Yields of CFR-M 
octane, 100 percent C, recovery gasoline are obtained, 
with the balance of the material going approximately 
three fourths to C,-free gas and one fourth to polymer 
and carbon. When operating to lower octane levels 
it is possible by blending in extraneous butanes to the 
10-pound Reid vapor pressure level, to obtain a yield 
based on feed of 100 percent of 69-octane gasoline 
which can be brought up to 80 CFR-M octane by 
the addition of 1.5 cc. of TEL. 

Hydroforming is carried out in a unit usually hav- 


78-80 volume percent of 80 
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ing four or more reactors filled with catalyst, half 
of which are always in series on reaction, and the 
other half in different stages of regeneration. The re- 
ac ors are switched from reaction through regenera- 
tion and back to reaction in cycles of 8 to 16 hours 
duration by an electric cycle-controller. Regenera- 
tion is necessary because a small deposit of carbon 
and a partial reduction of the metal in the catalyst 
combine over a period of hours to reduce the activity 
of the catalyst. The carbon is burned and the catalyst 
reoxidized by combustion in a stream of air greatly 
diluted by cooled and recirculated flue gas. 

The reaction products are recovered and fraction- 
ated into: (1) a hydrogen-containing gas substan- 
tially free of hydrocarbons heavier than propane, (2) 
a highly arofmatic “polymer” boiling above 400° F,, 
and (3) a depropanized, 400° F. end-point gasoline. 

The following table shows the inspections of a 
typical naphtha feedstock together with the inspec- 
tions of the gasoline produced from it. 














FEED 
West Texas and Mid- 
Continent Mixed Hydroformer 
Naphtha Gasoline 

Gravity, “API 50.5 50.5 
ASTM, Distillation, °F: 

IBP 174 104 

10 Percent 236 156 

50 Percent 311 258 

90 Percent ea 384 338 

EP.... rep 442 399 
Octane Number, CFR-M clear... 39.7 80.3 
Aniline Point, °F.. - 124 57 
Bromine Number Ca ee 2.2 3.2 
Lamp Sulfur, Weight Percent........ 0.220 0.015 
Yields, Vol. Percent of Feed (Output Basis): 

C4-Free Gasoline. . 73.6 

Butanes 10.6 

Polymer. . : 3.2 
Yields, Wt. Percent of Feed Output.Basis: 

C4-Free Gasoline: } . wy 76.0 

Butanes 7.8 

Polymer. . e. 3.9 

C4-Free Gas 10.7 

Carbon. . 1.6 

Total 100.0 
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Hydrogenation Process 





STANDARD OIL DEVELOPMENT COMPANY 


Pich-Paessune hydrogenation for oil process- 
ing and the methane-steam “tube” method for manu- 
facture of hydrogen used in hydrogenation were de- 
veloped in the United States by Standard Oil De- 
velopment Company. Plants carrying out this process 
have been operated at Baton Rouge, Louisiana, Bay- 
way, New Jersey, Port Arthur, Texas, Richmond, 
California, and Whiting, Indiana, as well as at vari- 
ous locations abroad. In addition, “tube” manufac- 
ture of hydrogen has been adapted to a number of 
relatively small installations, while over 100 million 
cubic feet per day of “tube” hydrogen capacity was 
installed in government plants for ammonia produc- 
tion during the war. 

High-pressure hydrogenation has been used in 
manufacture of aviation base stock and motor gaso- 
line from gasoils, high-grade diesel fuels from low- 
quality gasoils, water-white paraffinic kerosines from 
inferior-quality distillates, high-viscosity-index lubri- 
cating oils from poor-quality lubricating distillates, 
and also lends itself to preparation of high solvency 
naphthas, high-octane-number aviation safety fuels, 
etc. During the war much isooctane aviation blend- 
ing agent was produced using high-pressure hydro- 
genation ; an unusual adaptation was its use to make 
aromatic amine anti-knock addition agent for avia- 
tion gasoline from the corresponding nitro compound. 
High-pressure hydrogenation plants can be used for 
desulfurization of high-sulfur fuels, and for satura- 
tion of catalytically cracked cycle stocks to enabie 
their recycle cracking to ultimate high production 
of catalytic gasoline. 

In the hydrogenation process the charging stock, 
together with sufficient hydrogen, is pumped into a 
reaction vessel containing catalyst where, at the de- 
sired temperature and at about 3000 psi, the reaction 
takes place. The “tube” method for hydrogen manu- 
facture and the hydrogenation step proper are out- 
lined in the accompanying flow sheet. 

Hydrogen may be produced by any of the usual 
processes. Since the hydrogen does not need to be 
sulfur-free, its production from coal or coke by the 
water-gas process is facilitated; it may also be pro- 
duced by liquefaction and distillation of coke-oven 
gases, or electrolytically, when the economics per- 
mit. But for the oil industry with its generous supply 
of refinery and natural gas, hydrogen is advantage- 
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ously made by the treatment of hydrocarbons with 
steam in accordance with the following reactions: 


CH,+ H:O = CO + 3H: 
CO + H.O — CO, a H: 


The first step is carried out in a reforming furnace, 
using catalyst in tubes through which reaction heat 
is supplied. The second, “conversion,” step also uses 
catalyst, but does not require supply of heat. After 
cooling, the carbon dioxide is scrubbed out, leaving 
hydrogen of about 95-percent purity. 

The oil and previously compressed hydrogen are 
mixed and delivered through heat exchangers to a 
coil furnace and thence to a reaction vessel contain- 
ing catalyst. The degree of hydrogenation is con- 
trolled carefully by alteration of operating conditions. 
From the reaction chamber the products and gases 
pass through the heat exchangers and coolers to a 
high-pressure separator where the liquid product is 
separated from the unconsumed hydrogen and other 
gases. The liquid product is reduced to atmospheric 
pressure and sent to storage. 

Gas formed in the process ordinarily is removed 
in the liquid product owing to its solubility at the 
high pressure. Such gases as are not removed in this 
manner may, if necessary, be taken out by scrubbing 
the recycle hydrogen with oil under pressure. The 
unconsumed hydrogen separated under high pressure 
from the liquid product is recycled by boosting back 
to full operating pressure in a booster compressor, 
which operates through a pressure interval equal to 
the pressure drop in the system. Fresh hydrogen is 
added to the recycle gas to make up for that con- 
sumed in process. 

No coke is formed in high-pressure hydrogenation 
and the catalysts employed unusually are rugged, so 
that the process is continuous. Runs of more than 
a years’ duration have been made on full-scale units, 
and total catalyst life of several years has been ob- 
tained. Hydrogen manufacture catalysts are also 
rugged and regularly maintain satisfactory activity 
for a number of years, so that only occasional small 
make-up is required. As a result, both hydrogenation 
and hydrogen manufacture sections show favorable 
service factor, and maintenance and turnaround costs 
are reduced, 

This description is given through the courtesy of 
Standard Oil Development Company, New York, 
New York. 
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Hygirtol Process 





THE GIRDLER CORPORATION 


A GIRDLER Hygirtol Plant for manufacturing 
high-purity hydrogen from hydrocarbons and steam 
combines several well established steps into a unified, 
continuous, low-pressure process for producing hy- 
drogen of purity equal to or better than that pro- 
duced by any other commercial process. For many 
uses the hydrogen from a Hygirtol Plant is preferred 
even to that produced by electrolysis because its oxy- 
gen content is so low. 

Suitable hydrocarbons such as natural gas, refinery 
gases, propane and others, are purified to remove 
sulphur compounds, and then are reacted with steam 
1500° F.) over a 


at elevated (about 


nickel catalyst to convert the hydrocarbons to hy- 


tem] eratures 


drogen, carbon monoxide, and carbon dioxide. By 
employing suitable catalysts in a furnace of special 
design, the decomposition of the hydrocarbons 1s 
substantially complete so that the hydrogen produced 
will contain less than 0.1 percent of residual hydro 
carbon. 

The 


furnace: 


following chemical reactions occur in the 


nCO + (2n 1) H; 


(1) Cy Hane + nH sO 
, nCO, + (3n+1)H 


o Heave + 2nH,O 

Similar reactions occur with unsaturated hydro 
carbons such as ethylene and propylene. These re- 
actions are all endothermic, so that heat must be 
supplied in the furnace to maintain the required 
temperatures. 

The mixture of hydrogen, carbon monoxide, car- 
bon dioxide, and steam from the furnace is cooled to 
about 700° F, by the further addition of steam and 
is passed into a converter containing an iron-oxide 
catalyst where the carbon monoxide reacts with 
steam to produce carbon dioxide and hydrogen as 


shown in the following equation: 
(3) CO + H:O = CO.+ H: 


This reaction is slightly exothermic, so no heat 
need be added to the converter. It is a reversible 
reaction, with about 90 to 95 percent of the carbon 
monoxide being converted to carbon dioxide under 
the conditions normally encountered. 

The gas mixture from the converter is cooled and 
the carbon dioxide is removed by the Girbotol Proc- 


ess. The hydrogen is then purified further as required 
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to remove the residual carbon monoxide (about 1 
percent) by further carbon monoxide conversion 
steps followed by the removal of carbon dioxide by 
the Girbotol Process, or by methanation of the resid- 
ual carbon monoxide according to the following re- 
action: 


(4) CO + 3H: = CHi+ H:0O 


This reaction is exothermic and is carried out at 
slightly elevated temperatures in the presence of a 
catalyst. 

The flow diagram on the opposite page illustrates 
a Hygirtol plant producing high-purity hydrogen 
using propane as process material and fuel. A typical 
analysis of the hydrogen produced in a plant of this 


type is as follows: 


Analysis of Hygirtol Plant Hydrogen 


Component Percent 
Carbon dioxide 0.01 
Carbon monoxide 0.00 
Methane 0.10 
Nitrogen 0.01 
Oxygen 0.00 
Hydrogen 99. 88 


Total 100.00 
The material and utility requirements for produc- 
ing 1000 cubic feet of high-purity hydrogen in this 


type of plant are given below: 


Material and Utility Requirements per 
1000 SCF of Hydrogen 


Material or Utility Quantity 
Process Material: 

Propane, gallons 2.75 
Or Natural gas, cubic feet 250 
Fuel (gas or oil) BTU 250,000 
Steam pounds 380 
Cooling water, gallons (30° F. rise) 1600 
Power, KWH 2 
Chemicals, cost in cents 2 


The Hygirtol process is continuous, and it can be 
made completely automatic in operation. The cata- 
lysts used are rugged and long-lived, so that replace 
ment costs amount to only one or two cents per 
thousand cubic feet of hydrogen produced. Only one 
operator is required per shift, and maintenance 1S 
very small. 

This information is presented through the courtesy 
of The Girdler Corporation, Louisville, Kentucky, 


owner and licensor of the Hygirtol Process. 
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Hypersorption Process 





UNION OIL COMPANY OF CALIFORNIA 


Pilvpersorprion is a process for the separa- 
tion of hydrogen, light hydrocarbons and other gase- 
ous compounds which are not readily or economi- 
cally handled by conventional fractionation proce- 
dures. The process employs a moving bed of acti- 
vated carbon granules and depends on the ability of 
this material selectively to adsorb heavier hydrocar- 
bons or larger molecules to a greater degree than 
light hydrocarbons or smaller molecules. 

Referring to the flow diagram, it will be noted 
that the Hypersorption unit, termed a Hypersorber, 
has three major sections: a cooling section at the top, 
an adsorption and rectifying section in the middle, 
and a steam stripping section at the bottom. An 
elevator or gas lift is employed to convey the granu- 
lar charcoal from the bottom of the unit to the top 
in a closed cycle of circulation. 

The feed gas enters through a distribution plate 
and passes upward counter-current to the moving 
bed of activated charcoal. In its passage through 
the bed, the heavier compounds are adsorbed and 
retained on the charcoal. The top product gas, com- 
prising the lightest constituents in the feed, dis- 
engages from the charcoal below the cooler and 
passes off through a cyclone. The charcoal passes 
downward below the feed point to the rectifying sec- 
tion where it contacts a reflux of heavy constituents, 
separated in the stripper which serves to liberate 
adsorbed on the downward- 
of these latter 


lighter constituents 
moving charcoal. A concentration 
constituents in the vapor phase results and they can 
be disengaged as a side-cut product gas at a point 
between the feed and bottom product gas disengag- 
ing sections. As the charcoal flows past the bottom 
product gas disengaging section into the steaming 
section, it meets an upward flow of steam which 
liberates the adsorbed heavy components, and these 
flow upward either to return as reflux or pass out 
as bottom product gas from the Hypersorber. 

The charcoal flows from the steaming section 
into the stripping section wherein it passes down 
through tubes which are heated by a circulating heat- 
transfer medium and through which steam is passed 
counter-current to the charcoal. The hottest point 
in the stripper is at the bottom of this section and 
substantially all residual adsorbed material is re- 
moved during the passage of the charcoal through 
this zone, 

The flow of charcoal leaving the stripper is con- 
trolled by means of a specially designed reciprocating 
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feeding mechanism which drops the charcoal into a 
sealing leg in which a level is maintained to restrict 
the flow of steam into the charcoal lift. 

A charcoal regeneration unit is provided to act in 
parallel with the Hypersorber for the purpose of 
carrying out high-temperature steam treatment of 
the charcoal to maintain its activity. If such regen- 
eration were not provided, the activity would slowly 
drop off due to the accumulation of heavy residual 
compounds on the charcoal. 

The charcoal is transported to the top of the tower 
by means of an elevator or gas-lift system and is 
dropped into the reserve charcoal hopper at the top 
of the unit. The hot charcoal passes down from the 
hopper into the cooling section consisting of a tube- 
and-shell exchanger wherein the charcoal is cooled 
to the desired temperature for adsorption. 

A part of the top product gas stream from the 
Hypersorber passes up through the cooler and hot 
charcoal hopper serving to remove any residual 
water and steam remaining on the charcoal from the 
stripping operation. 

Important to the operation of a Hypersorption 
unit is the automatic temperature controller em- 
ployed to maintain a close separation of the compo- 
nents in the unit. A substantial temperature break 
exists in the adsorber corresponding to the variation 
in the gas composition in the Hypersorber bed. By 
controlling this break to a point somewhat below the 
side-cut disengaging section it is possible to maintain 
a very close control of the separation process. The 
temperature controller operates the make-gas con- 
trol valve which determines the flow of the stripped 
components to production or reflux. A similar setup 
controls the side-cut production and purity. 

Among the applications for the Hypersorption 
process are the separation of hydrogen from methane 
in hydrogenation and hydroforming plants and for 
the separation of the ethylene and ethane from hy- 
drogen and methane as well as the heavier con- 
stituents of the gas streams in ethylene plants. In 
this latter application the Hypersorber, among other 
things, takes the place of the so-called high-pressure, 
low-temperature demethanizer in the conventional 
ethylene plant. Hypersorption also is useful for re 
covery of helium, fractionation of natural gas, pui- 
fication of carbon dioxide, etc. Detailed information 
on specific problems can be obtained from Union Oil 
Company of California, Los Angeles. 
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Indiana Isoforming Process 





STANDARD OIL COMPANY (INDIANA) 


ga Indiana Isoforming Process is suitable for the 
improvement of thermally-cracked naphthas, espe- 
cially those of high olefin content. The hydrocarbon 
vapors are passed over solid catalysts at high space 
velocities. Although the improvement in octane 
rating is moderate, extremely high yields are ob- 
tained. 

The degree of improvement in octane number in 
the Isoforming Process depends primarily upon the 
olefin content of the stock and the octane number 
level of the olefins. A high olefin content and low 
octane number are conducive to greater octane num- 
ber improvements. A typical improvement for a Mid- 
Continent thermally cracked naphtha is 4 to 5 units, 
for example, 68 to 72 ASTM clear. Coke-still naph- 
thas which have a higher olefin content and lower 
octane number can be improved 8 to 10 units, for 
example, from 59 to 68 ASTM clear. The process 
yields about 97.5 to 98.5 volume-percent liquid prod- 
uct based on charge. Small losses to dry gas and 
carbonaceous residues amount to about 1.8 percent 
based on volume charged. About 2.5 percent of a 
polymer boiling above the end point of the charging 
stock is formed. In addition to octane number im- 
provement, there is an appreciable desulfurization, 
which improves the lead response. 

The process is carried out at relatively low pres- 
sures, for example, 10 to 20 pounds per square inch, 
at temperatures of about 950° F. Space velocities of 
from 75 to 125 barrels per hour per ton of catalyst 
can be used. In some instances, even higher space 
velocities are practicable. The process makes use of 
solid catalysts and fixed-bed operation. The activity 
of the catalyst is maintained for a period of about 
48 hours, after which the catalyst requires regenera- 
tion. It is regenerated by burning off carbonaceous 
deposits with a flue gas containing an average of 5 
mol-percent of oxygen. The maximum regeneration 
temperature is 1050° F. In order that the process be 


continuous, it is necessary to have two reaction 
chambers operating in parallel, one being regener- 
ated, while the other is on stream. 

Several types of catalyst are suitable. Acid-treated 
clays can be used as can synthetic catalysts of the 
silica-alumina type. Synthetic zeolites are especially 
effective and are preferred. 

The flow diagram on the opposite page illustrates 
the operation. The heavy naphtha charge is heated 
first by heat exchange and then by a furnace to the 
desired temperature. It passes as a vapor into the 
reactor that is on stream. The “isoformate” and small 
traces of polymer and gas pass from the reactor to 
the fractionator. Polymer is removed as fractionator- 
bottom product; the overhead consisting of dry gas 
and “isoformate” passes to a separator, the gas being 
vented to an absorption plant and the liquid con- 
densate passing to a depropanizer. The “isoformate” 
product is removed as bottoms from the depro- 
panizer. 

A gas generator operating on air and fuel gas pro- 
vides a flue gas containing about 5 percent oxygen, 
which is used for regeneration in the other reaction 
chamber. The effluent gas stream from the regenera- 
tion passes to a waste-heat boiler for heat recovery, 
and thence to the stack. 

Isoforming units have been designed to process 
20,000 barrels per stream day of heavy cracked naph- 
tha. No commercial installations have been made, 
since commercialization was interrupted by the war. 
It is only now that reconsideration is being given 
to their installation. The Isoforming Process should 
perform an important function in small refineries 
which have not yet installed catalytic cracking, in 
addition to being useful in all refineries where large 
volumes of coke-still naphthas and other thermally- 
cracked stocks are available. 

Licenses for this process are available from Stand- 
ard Oil Company (Indiana). 
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Indiana Isomate Process 


a 





STANDARD OIL COMPANY (INDIANA) 


Tae Indiana Isomate Process is a method for con- 
verting low-octane-number pentanes and hexanes 
into isomers of higher octane number. Liquid alumi- 
num chloride-hydrocarbon complex promoted with 
anhydrous hydrogen chloride is used as a catalyst. 
Hydrogen is added to repress cracking and dispro- 
portionation and to maintain high catalyst activity. 
Conversion is accomplished by passing the liquid hy- 
drocarbon charge in,a dispersed phase upwardly 
through the catalyst complex. The preferred operat- 
ing conditions are 240-250° F. and 700-800 pounds per 
square inch. Suitable charging stocks for the Isomate 
Process are light, straight-run naphthas containing 
pentanes and hexanes and but little heavier hydro- 
carbons. 

In addition to handling mixtures of pentanes and 
hexanes, the process is applicable for the isomeriza- 
tion either of pentanes alone or hexanes alone if the 
refinery situation indicates such operations to be 
desirable. However, for the isomerization of pentanes 
alone, the Indiana Pentane Isomerization Process is 
somewhat more economical. 

When charging a mixture of pentanes and hexanes, 
the Isomate Process can be operated on a once- 
through basis to manufacture a product of 80 un- 
leaded CFR-M octane number. Exceptionally high 
liquid yields, in the order of 100 volume-percent on 
charge, can be obtained in this type of operation. By 
fractionating the once-through isomate and recycling 
the low-octane-number pentanes and hexanes to the 
reaction zone, the quality of the product can be raised 
to 91 unleaded CFR-M octane number with but a 
slight sacrifice in yield. When recycling is employed 
with a charge stock consisting primarily of paraffinic 
hexanes, the principal product is neohexane. 

Isomate plants of 5000 barrels and 1750 barrels per 
day capacity have been constructed and successfully 
operated at Whiting, Indiana, and Salt Lake City, 
Utah. Pentane recycling was employed at Whiting 
and hexane recycling at Salt Lake City. 

Referring to the flow diagram, naphtha feed passes 
first through a calcium chloride dryer or other drying 
means, a sand filter, and thence to the top of a hydro- 
gen chloride absorption tower. In the absorption 
tower hydrogen chloride is recovered from the re- 
cycle gas. A small amount of makeup hydrogen 
chloride is added as required at this point. The 
naphtha containing dissolved hydrogen chloride 
passes from the accumulator at the bottom of the 
absorption tower through a preheater to the reactor. 
The naphtha and gaseous hydrogen are introduced 
simultaneously through a distributor at the bottom 
of the reactor, which is an open vessel filled with 
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aluminum chloride-hydrocarbon complex catalyst. 

The hydrocarbons, being considerably lighter and 
substantially immiscible with the catalyst, pass up- 
ward through the catalyst. The effluent from the re- 
actor, consisting of isomerized naphtha, hydrogen 
chloride, hydrogen, and a small amount of entrained 
catalyst, passes successively through a hot settler, a 
cooler and a cold settler. The catalyst is separated 
in the two settlers and returned to the reactor or to 
catalyst storage ; hydrogen and hydrogen chloride are 
flashed off in the cold settler, and hydrogen chloride 
remaining in the effluent from the cold settler is 
removed in the hydrogen chloride stripper. The liquid 
product from the bottom of the hydrogen chloride 
stripper passes through a cooler and then ‘succes- 
sively through caustic and water washes to eliminate 
the last traces of catalyst and hydrogen chloride, 
Hydrogen chloride from the stripper is recycled to 
the absorber. The isomate product can be debu- 
tanized for blending into aviation fuel or blended 
directly into motor fuel. 

In some instances, it may be desirable to further 
fractionate the isomate. An isomate fractionation 
system is also shown on the flow diagram. 

Crude isomate is passed first to a depentanizer in 
which butanes and pentanes are taken overhead and 
hexanes, along with traces of heavier materials, are 
removed as bottoms. The overhead butanes and pen- 
tanes are separated by fractionation, the pentanes 
passing to a pentane fractionator from which sub- 
stantially pure isopentane is taken overhead, with 
normal pentane eliminated as bottoms for possible 
recycle to the isomate unit. The hexanes and heavier 
materials from the bottom of the depentanizer pass 
to a hexane fractionator where neohexane and di- 
isopropyl are removed as overhead products; the 
bottoms are sent to a rerun tower where cyclohexane, 
and heavier materials unsuitable as charging stocks 
for the isomate process are removed. The overhead 
methylpentanes and normal hexane from the rerun- 
ning operation may be combined with normal pen- 
tane and recycled to the isomate unit. 

Products from the Isomate Process are primarily 
of interest as blending stocks for high-octane aviation 
fuels. However, the process is very suitable for im- 
proving the octane number of light straight-run naph- 
thas for motor fuels where low - octane - number 
charging stocks such as normal pentane and normal 
hexane are available, or where octane ratings must 
be increased beyond levels attainable with existing 
equipment. 

Licenses for operation of this process are available 
from Standard Oil Company (Indiana). 
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Indiana Isopentane and Isobutane Processes 
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STANDARD OIL COMPANY (INDIANA) 


‘dee Indiana Isopentane Process is a method for 
isomerizing normal pentane to isopentane. In this 
process, as in the Indiana Isomate Process, the cat- 
alyst is a liquid aluminum chloride-hydrocarbon com- 


plex promoted with anhydrous hydrogen chloride. 


In the Isopentane Process, cracking and dispropor- 


tionation are suppressed by inclusion of a small 
amount of cyclic hydrocarbons in the feed to the 
isomerization unit. Although both naphthenes and 


aromatics are suitable for this purpose, benzene is 


most effective. From about 0.3 to 1.3 weight-percent 
based on charge is sufficient to inhibit cracking and 
to maintain the catalyst activity. As in the Isomate 
Process, conversion is accomplished by passing the 
hydrocarbon solution of hydrogen chloride in a dis- 
persed phase upward through the catalyst complex. 
Suitable operating conditions for pentane isomeriza- 
tion include a reactor temperature of 195-225° F. and 
a reactor pressure of 260-270 pounds per square inch. 

The use of benzene to replace hydrogen as a crack- 
ing inhibitor permits operation at a lower pressure 
and effects a considerable reduction in initial invest- 
ment. The preoess is characterized by high yields 
and low catalyst consumption. 

An Indiana Isopentane Process installation has the 
added advantage that it can with little change be 
used for isomerization of normal butane. With such 
operations, a cracking inhibitor is unnecessary, since 
normal butane can be isomerized with negligible ten- 
dency toward cracking or disproportionation. 

The Isopentane Process usually is operated on a 
recycle basis. An installation with a capacity of 1620 
barrels per day of isopentane has been operated suc- 
cessfully at the Texas City refinery of the Pan Ameri- 
can Refining Corporation. 

The Isopentane vnit at Texas City has been oper- 
ated in conjunction with an alkylation unit, in the 
manner shown in the diagram. Deisobutanized alky- 
late is charged to a depentanizer, phere the pentanes 
are taken overhead and subsequently split in an iso- 
pentane tower. The feed-preparation towers also are 
used for product fractionation. 

Hydrogen chloride from the hydrogen chloride 
stripper and a small amount of benzene are added 
to the normal pentane, and the solution is introduced 
through a distributor at the bottom of a column of 
aluminum chloride-hydrocarbon complex. The pen- 
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tane isomate passing overhead from the reactor con- 
tains small amounts of entrained catalyst. A portion 
of this catalyst separates out in a hot settler. The 
effluent from the hot settler then is cooled, permit- 
ting further separation of catalyst in a cold settler, 
Hydrogen chloride not flashed off in the cold settler 
is stripped from the product in the hydrogen chloride 
stripper, and is recycled to the reactor. The isomer- 
ized pentane then is cooled and washed successively 
with caustic and water to remove the last traces of 
catalyst and hydrogen chloride. 

Since the equilibrium is favorable to high once- 
through conversion, it is not always necessary to 
fractionate the product. However, if nearly pure iso- 
pentane is desired, the product can be passed to the 
fractionation system used for feed preparation. Thus, 
isopentane is removed overhead from the depentan- 
izer, debutanized, and sent to isopentane storage. 

A modification of this process can be used for the 
isomerization of normal butane to isobutane. Butane 
is dried and introduced into the top of a hydrogen 
chloride absorption system in a manner analogous 
to the Isomate Process. The normal butane solution 
of hydrogen chloride is passed upwardly through the 
aluminum chloride-hydrocarbon complex catalyst in 
the absence of added cracking inhibitors. The tem- 
perature and pressure used in the butane isomeriza- 
tion process are 210° F. and 400 pounds per square 
inch. The isomerized butane passes through settlers 
for the removal of traces of catalyst and thence toa 
hydrogen chloride stripper. The hydrogen chloride ts 
removed overhead and recycled to the hydrogen 
chloride absorber. The stripped butane is caustic- 
washed and passed to a debutanizer, which may be 
that connected with the alkylation unit operating on 
the isobutane produced. The butane from the debw- 
tanizer passes to a butane splitter, the isobutane 
going overhead to an alkylation unit or storage, and 
the normal butane being recycled to the isomeriza- 
tion system. 

Two commercial installations of this type have 
been constructed and operated successfully, one at 
the Whiting, Indiana, refinery and the other at the 
Wood River, “Illinois, refinery of Standard Oil Com- 
pany (Indiana). 

Licenses for both the butane and pentane isomer 
ization processes are available through Standard Oil 
Company (Indiana). 
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Light-Ends Fractionation and Stabilization 





E. B. BADGER & SONS COMPANY 


S pevetopuants in fractionation and light- 
ends processing from cracking-plant products re- 
ceived an impetus during the war from the demands 
for stabilization of aviation base stocks and segrega- 
tion of light ends for alkylation or other subsequent 
processing. 

Outlined in the flow diagram is a gas plant de- 
signed and constructed by E. B. Badger & Sons Com- 
pany for a large refiner in this country. This plant is 
designed to receive gas and gasoline from a catalytic 
cracking unit and from a catalytic treating unit, and 
to produce 30,000 barrels per day of combined liquid 
products as well as 6,500,000 cubic feet of fuel gas. 
Debutanized motor gasoline, specification aviation 
gasoline, commercial propane, butanes-butenes for 
alkylation or poly-unit feed, and isopentane are the 
principal end products from the unit. 

Motor gasoline from the cracking plant is charged 
to the debutanizer. This column is operated at 185 
psig to effect recovery of the major portion of the 
overhead as liquid, and the debutanized gasoline goes 
to storage. 

Aviation gasoline from the treating unit is stabil- 
ized at approximately the same pressure, also to 
obtain maximum recovery of the overhead as liquid, 
and the stabilized aviation is pumped to storage. 
The liquid overhead products from the debutanizer 
and stabilizer are pumped to a surge tank from which 
they are sent to the de-ethanizer. 

Cracking-unit gas is transmitted to this plant at 50 
psig. The smaller amount of treating-unit gas, avail- 
able at lower pressure, is compressed to 50 psig, and 
these streams are combined with the small flow of 
overhead from the debutanizer and stabilizer, 
compressed in two stages and discharged directly 
into the de-ethanizer which operates at 450 psig. The 
overhead from this column at 125° F. is passed 
through a water-cooled condenser and then 
frigerated, providing reflux at a temperature of 45 to 
50° F., the possibility of hydrate formation preclud- 
ing the use of lower temperatures. A feature of the 
refrigeration unit design is the use of propane pro- 
duced in the plant as refrigerant. The refrigeration 
of the de-ethanized overhead condensate is effected 
by the evaporation of plant propane in a kettle-type 
tubular unit, the propane vapor so produced being 
compressed and then condensed in the depropanizer 
overhead product condenser. Net overhead product 
from the de-ethanizer passes to the refinery fuel-gas 


gas 


is re- 


system as a vapor. 
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De-ethanizer bottoms are delivered to the depro- 
panizer which operates at 250 psig. In this columa, 
commercial propane is produced overhead. The bot- 
toms are sufficiently depropanized so that the subse 
quent butane product will contain less than 1 mol 
percent propane. The butane tower operates at 100 
psig and is designed to make a sharp separation be 
tween normal butane in the overhead and. isopentane 
in the bottoms. The bottoms from the butane tower 
is feed for the isopentane column. This column, oper 
ating at 22 psig, is designed to produce overhead an 
isopentane fraction of 98 percent purity. The bottoms 
from the isopentane column comprising normal pen- 
tane and heavier are pumped to storage and used in 
motor-gasoline blends. Although two _ isopentane 
towers are shown in the flow diagram, it will be noted 
that process-wise they actually constitute one tower. 
A split tower was used since the height of a single 
tower would have been excessive for the particular 
installation here discussed. 
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Lubricating Oil Manufacturing System 
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E. B. BADGER & SONS COMPANY 


E. B. BADGER & SONS COMPANY has pro- 
vided facilities for substantially all operations re- 
quired for the production of high-quality lubricating 
oils from crudes. The steps usually required are out- 
lined on the accompanying flow diagram and are dis- 
cussed below. 

Reduced crude, from which has been removed all 
light straight-run products‘and a portion of the gas- 
oil is charged to a vacuum-distillation unit, wherein 
it is fractionated into gasoil, bottoms, and the desired 
number of sidestream distillate lube cuts. Depending 
upon the crude, the operating conditions, and other 
factors, vacuum distillation may be the only feed- 
preparation step required. This is particularly likely 
to be true if the heavier lube fractions are only a 
small portion of the refiner’s total demand. If a high 
recovery of heavy lubes is required, then with most 
crudes a propane-deasphalting step is recommended. 
By this means asphalts and resins are rejected from 
a propane solution of the lower-molecular-weight 
hydrocarbons, and a high yield of the heaviest hydro- 
carbons generally considered suitable for lube-oil 
manufacture can be obtained. 

The prepared lube feed stocks are then sent (from 
intermediate storage) to a solvent-extraction unit 
wherein the low viscosity index, poor color and un- 
stable materials in the raw lubes are removed, leav- 
ing a lube fraction which can be finished to a high- 
viscosity index, stable lubricating oil. Both furfural 
and phenol have been accorded wide industry accept- 
ance as suitable solvents for this step. The two ma- 
terials are not interchangeable, however, and due to 


differences in physical and chemical characteristics 
the plant must be designed to handle one solvent or 
the other. The Badger company has current experi- 
ence in the design of plants to refine lube oils using 
each of these solvents. 

The extracted lube oil, or raffinate, is then proe- 
essed in a solvent-dewaxing unit. The M.E.K. process, 
using a mixture of methyl ethyl ketone, benzene and 
toluene as the solvent is widely used. The oil is 
mixed with solvent, chilled and filtered to remove the 
wax which crystallizes out under controlled condi- 
tions. A dewaxed oil of desired pour point may be 
produced directly, with the slack wax, if desired, 
being run through the unit as another charge stock 
from which hard wax and slop wax may be obtained; 
or the oil-solvent mixture may be slightly chilled, 
hard wax filtered out, the filtrate further chilled and 
filtered to remove the slop wax and to produce the 
dewaxed oil of desired pourepoint. The choice of 
procedures is dictated by local conditions. 

The refined, dewaxed lubricating oil streams may 
then be finished by percolation or by contact filtra- 
tion, generally followed by brightening. The finishing 
step improves cast, color, stability, etc., and the oil 
is then ready for the addition of additives, blending 
to final viscosity specifications and packaging of the 
finished products. The Badger company has also been 
particularly successful in the design and installation 
of Filtrol Fractionation units for the combined dis- 
tilling and clay contacting of lube oils. If it is desired 
to process a relatively wide-cut lube-oil stream 
through the solvent extraction and dewaxing opera- 
tions, then this stream can be simultaneously frac- 
tionated and clay contacted by the Filtrol Fractiona- 
tion process with attendant economies. 
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Lubricating Oil Processing System 





THE LUMMUS COMPANY 


Ay CONNECTION with the production of high- 
quality lubricating oils through the use of solvent 
processes for refining and dewaxing, The Lummus 
Company has made a number of developments to- 
wards correlating the various operations involved, 
with the object of coordinating the various steps so 
that the system as a whole will have the greatest 
flexibility, optimum performance, and economy of 
operation. 

A typical processing system is shown in the dia- 
gram opposite. Topped crude is taken as the starting 
material and is charged to a vacuum-distillation unit 
which provides for the removal of the light and 
intermediate lube-oil distillates. The residue from 
vacuum distillation is charged to a propane-deasphalt- 
ing unit which separates asphalt from the remaining 
heavy-lube distillates. With this system the maximum 
yield of lube oils in the topped crude is obtained. 
Intermediate storage is provided for the various 
grades so that they can be charged to the solvent- 
refining unit separately. 

These raw lube-oil cuts are solvent refined for the 
removal of objectionable compounds and improve 
ment of viscosity index. The raffinates resulting from 
the refining of the various grades of raw lube dis- 
tillates are again sent to intermediate storage from 
which they are charged to the solvent-dewaxing sys- 
tem. A widely-used system and one with great flexi- 


bility employs a mixture of acetone or methyl ethyl 


ketone and benzol (this system is covered by patents 
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owned by and licensed by Texaco Development Cor- 
poration). The essential steps in this process are (1) 
mixing of oil and solvent, (2) chilling of the mix- 
ture to low temperatures, (3) removal of precipitated 
wax by filtration, and (4) recovery of solvent from 
wax and from wax-free oil by distillation. The wax 
recovered from such a process is of excellent quality 
and relatively free from oil. The oil recovered has 
the low pourpoint demanded of high-quality lubricat- 
ing oils. These wax-free oils of various grades are 
again sent to intermediate storage from which they 
are charged to the final step for finishing high-quality 
lubricating oils which is accomplished by the use of 
clay percolation or contact filtration. In this step 
the oil obtains the necessary treatment for obtaining 
the required color, neutralization number, etc. The 
investment for percolation plants is higher than for 
clay contacting while the operating costs are lower. 

In view of increasingly severe requirements for 
lubricating-oil quality the use of additives has be- 
come generally accepted. Such materials give more 
desirable characteristics from the standpoint of de- 
tergency, oxidation stability and pour point. The ad- 
dition of such materials is easily carried out in con- 
nection with the final blending operation. 

The system described above has been incor- 
porated in many plants over the past years for all 
qualities of raw-distillate stocks from a wide variety 
of crudes. It has great flexibility and low production 
costs and produces highest-quality lubricating oils. 
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THE LUMMUS COMPANY 


Ly THE production of lubricating oils by modern 
solvent processes, there are many cases in which 
solvent refining can best be acomplished by operation 
on a bulk stock followed by redistillation of the re- 
fined bulk stock into the required viscosity grades of 
finished lubricating oils. To meet this need, The 
Lummus Company has designed and put into opera- 
tion several distillation units for conducting such 
operations. 

To insure that no deterioration of the products 
occurs, the distillation is carried out under vacuum 
and careful consideration is given to the design of 
fractionation and condensing equipment as well as 
of the oil-heating unit. The installation shown in the 
photograph is diagrammatically illustrated on the 
flow sheet opposite. The charge material is a bulk raf- 
finate from solvent refining. The unit is designed 
for the production of a minimum overhead, three side 
streams and a minimum residue. The overhead 
stream is material of low viscosity which is present in 
the bulk material from prior operation. The amount 
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of this light material usually is very small, since it is 
not economical to have any significant quantity of 
such material processed in a solvent refining plant. 
Similarly, the amount of residue is also a minimum, 
as this material represents chiefly the concentration 
of color bodies and extremely viscous fractions not 
completely removed by solvent refining. In view of 
the necessity for providing sufficient heat to carry out 
distillation, recirculation of the residue was provided 
for in such amount that this heat could be added. 

The compact arrangement of equipment is clearly 
shown by the accompanying photograph in which 
one of the outstanding features is the use of the Lum- 
mus type condenser section installed within the tower 
shell itself. The advantages of this arrangement are 
obvious when savings in structures, large vapor lines, 
fireproofing, etc., are taken into account. It should 
be noted that there is no sacrifice of accessibility 
through the use of this arrangement. The design 
of this type of condenser is such that very low pres- 
sure drop and excellent liquid sub-cooling are ob- 
tained. Both of these points are of great importance 
in vacuum distillation units for efficient and economt- 
cal operation. 
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Naphtha and Gasoil Polyforming Process 





THE LUMMUS COMPANY 


‘as Polyform Process, licensed under patents of 
Phillips Petroleum Company and Gulf Oil Corpora- 
tion, affords an efficient means for converting 
straight-run naphthas, gasoils and extraneous light 
hydrocarbons into high-quality motor gasoline. Poly- 
form gasolines characterized by high research octane 
numbers possess excellent road performance at all 
speeds, and find use as the primary component of 
regular- and special-grade gasolines which must meet 
severe competitive specifications. 

A Polyform plant is a self-contained unit, designed 
to process naphthas, gasoils and condensible light 
hydrocarbons simultaneously. The unit is complete 
with heaters, high-pressure fractionator, stabilizer 
and an absorber, which equipment affords the means 
to condense the light hydrocarbons for the furnace 
charge without necessity of refrigeration. Propane- 
propylene and butane-butylene produced in the proc- 
ess are largely condensed with normal cooling water 
supply and the balance is absorbed in the naphtha or 
gasoil feeds. Extraneous light hydrocarbons may be 
charged into the furnace-feed accumulator as a liquid 
or charged to the main high-pressure absorber. Con- 
densed liquid gas is circulated with the feed and the 
presence of this material in the furnace charge en- 
ables substantially more severe temperature and pres- 
sure conditions than could otherwise be achieved. 
This, in addition to the polymerization of the light 
hydrocarbons, results in the high gasoline yield and 
octane associated with the Polyform process. By 
varying the charge rate of extraneous butane-buty- 
lenes, an efficient means of plant vapor pressure bal- 
ancing is afforded. 

The Polyform Process has found most extensive 
application in the processing of low-octane naphthas, 
although there are in operation a number of units 
charging gasoils. The process is particularly well 
suited for the conversion of refractory catalytic cycle 
stocks requiring more severe conditions than can 
be achieved in conventional thermal-cracking plants. 
Yields of 10-pound RVP gasoline ranging from 60- 
80 percent have been obtained from virgin gasoils, 
while yields of 50-70 percent will be derived from 
catalytic cycle stocks with ASTM octane of 72-76 
for virgin stocks and somewhat higher for the cycle 
oils. 

Naptha Polyform units charging a wide variety of 
heavy naphthas with and without extraneous con- 
densibles achieve higher yields of higher octane gaso- 
line than is possible with conventional reforming 
units operating in conjunction with catalytic-poly- 
merization facilities. 

The flow sheets on the page opposite illustrate the 
process arrangement of typical naphtha and naphtha- 
gasoil polyform units. Either unit may accommodate 
outside gas charge as desired. 

In the Naphtha Polyform unit the naphtha is 
charged to the absorber which is so operated that 
about 80-90 percent of the propane in the wet gas en- 
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tering the tower is absorbed. At the base of the ab- 
sorber the rich oil combines with stabilizer overhead 
condensate to make up the furnace feed which is 
charged with a high-pressure centrifugal pump to 
that the resultant transfer line pressure is 1200-1500 
psi. Evaporator bottoms is employed to reboil the 
stabilizer and quench the transfer line to 650-700° F, 
The evaporator bubble tower operates at about 400 
psi pressure. The net evaporator bottom flows to a 
fuel oil flash tower, the overhead of which is re- 
turned to the system, and the bottoms are delivered 
to fuel oil. The bubble tower is controlled with inter- 
mediate and top circulating reflux systems which 
preheat the furnace feed while the overhead flows 
through a partial condenser directly to the stabilizer, 
which tower operates at about 380 psig. The stabilizer 
may operate as a depropanizer if it is desired to pro- 
duce butane-butylenes for alkylation, or may oper- 
ate to produce specification-vapor-pressure gasoline 
with excess butane-butylene being taken overhead 
for conversion to gasoline. A large part of the pro- 
pane-propylene and butane-butylene in the stabilizer 
overhead is condensed and flows to the base of the 
absorber, while the uncondensed wet gas flows 
through the absorber where it is stripped of propane 
and is then discharged as refinery fuel gas. 

The Lummus floor-fired heater is ideally adapted 
for the exacting requirements of polyform service 
with separate heating and soaking sections. It has 
been found economical to use only radiant surface 
for the high-pressure oil service and generate steam 
in the convection section with forced circulation of 
boiler-feed water through an external steam drum. 
This not only brings about high fuel efficiency but 
provides sufficient steam for operating all of the high- 
pressure pumps and most of the low-pressure pumps 
so that the unit operates in substantially steam 
balance and requires no additional steam load from 
the refinery. 

Polyform units are extremely simple and are typr 
fied by ease and stability of operation. Investment 
requirements for naphtha-polyform units are lowef 
than for corresponding facilities for naphtha reform- 
ing plus catalytic or thermal polymerization. 

The naphtha-gasoil polyform flow is substantially 
the same as for the naphtha polyform unit with only 
minor variations as required to accommodate the gas 
oil cracking. In this plant the gasoil usually % 
charged to the bubble tower where it mixes with the 
gasoil recycle to form the furnace feed. High-pressure 
pumps handle the gasoil furnace charge and stabilizet 
overhead condensate, the latter being preheated 
against bubble-tower circulating reflux streams be 
fore mixing with the gasoil furnace charge dowi 
stream of the high-pressure charge pumps. Naphtha 
gasoil units are typified by the same ease and Sif 
plicity of operation as in the naphtha-polyform units 
and the number of plants in service attest to the wide 
acceptance of the process. 
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Natural Gasoline Refrigeration Process 





SIGNAL OIL AND GAS COMPANY 


4 ee use of refrigeration in natural-gasoline ab- 
sorption plants is becoming more general as its value 
for increasing plant efficiency with reasonable costs 
is recognized, While refrigeration is justified in many 
new plants, especially in cases where atmospheric 
cooling is not too efficient, its greatest value prob- 
ably lies in the increase of the absorption capacities 
of existing plants. The most important application is 
for lowering the leanoil temperatures below that 
possible with atmospheric cooling. This is especially 
true with low-pressure absorption where lower tem- 
peratures are possible without fear of hydrates form- 
ing. 

In addition to lean-oil cooling, there are a number 
of other services that often are justified. These in- 
clude the cooling of wet gas in cases where maxtmum 
refrigeration and absorption is justified. Another 
service that is often of importance is the cooling of 
the plant rundown gasoline and vapors in order to 
take advantage of the greater spread between vapor 
pressures of the hydrocarbon fractions at lower tem- 
peratures, and at the same time to control the volume 
of vapors that must be handled in the plant. With 
refrigeration available within the plan, it often is eco- 
nomical to use this refrigerant in the laboratory or 
for air conditioning. 

The design and operation of a refrigeration unit 
both are relatively simple. There are many minor 
variations in the cycle used for refrigeration as well 
as in the design of equipment. A typical flow sheet 
for such a refrigeration cycle is that shown on the 
opposite page. It is used in one of the plants of Signal 
Oil and Gas Company on the Pacific Coast. For the 
sake of simplicity, it is shown in connection with 
lean-oil cooling only. In this cycle, the small varia- 
tions in the volume of liquid propane that are re- 
quired for normal working conditions are carried in 
the surge tank. The lean-oil chillers are connected 
directly to this surge tank in such a manner that an 
excess of propane refrigerant flows from the surge 
tank up through the chillers as a portion of the liquid 
vaporizes, then recycles back into the surge tank. 
This allows increased turbulence within the chillers, 
which improves heat-exchange efficiency. 

\ superheater is installed between the vapor leav- 
ing the chiller and the liquid entering. This exchanger 
not only increases the efficiency of the refrigeration 
cycle, but decreases the possibility of liquid con- 
densing during cold weather, either in the suction 
line to the compressor or in the compressor cylinder. 
With a superheater, there should be no liquid in 
the vapor, but for added safety a scrubber is installed 
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between the superheater and the inlet to the com- 
pressor. A small vapor-proof float and switch is 
placed on this scrubber to ground the magnetos on 
the engines and to shut down the compressors should 
any liquid reach this point. 

The vapor then is compressed and flows through 
a condenser from which the liquid refrigerant drains 
into the accumulator. No back-pressure valves are 
installed, since the lowest discharge pressure are se- 
cured by allowing the condensers to hold the mini- 
mum pressure that is required for complete con- 
densation. The vapor within the accumulator is rela- 
tively richer in ethane and methane, and this con- 
centration offers an opportunity to vent off a rela- 
tively high percentage of these impurities which are 
included in the propane feed supply over a period 
of time. It will be found that the removal of a small 
amount of vapors at this point by means of a manual 
vent may materially decrease the compressor dis- 
charge pressure. 

In the flow sheet as shown, any oil from the com- 
pressor cylinders is removed from the surge tank. 
This deoiler consists of a small exchanger that is 
operated on a by-pass from the uncooled lean oil, 
thereby utilizing the cooling from the refrigerant that 
is vaporized, as well as concentrating the oil. The 
volume of refrigerant fed to the deoiler is controlled 
by an orifice in the vapor return to the surge tank. 
A gauge glass on the deoiler indicates when it is 
necessary to drain the lube oil that accumulates. 
If a pure mineral oil is used, it will be found that 
no difficulty will arise in removing it from the sys- 
tem. Care should be taken to secure the feed for any 
deoiler at the point of greatest probable oil concen- 
tration. 

This cycle is effective, easy to operate and can be 
installed at reasonable cost. The propane refrigerant 
can be made available from practically any absorption 
plant. Where relatively pure iso- or normal butane 
already is available, this material may be used with 
comparable results. It is felt that the use of refrigera- 
tion will become even more general in the future, 
especially with the increased demand for greatet 
extraction efficiencies due to the increasing values of 
butanes and propane with the expanding market for 
these hydrocarbons for chemicals and for liquefied 
petroleum gases. 

This description of the application of refrigeration 
to the recovery of natural - gasoline processing was 
provided by Signal Oil and Gas Company, Los An- 
geles, and is based on practices now functioning ™ 
its operations. 
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Nitrobenzene Extraction Process 





THE ATLANTIC REFINING COMPANY 


; nitrobenzene extraction process for separating 
the high grade lubricating oils, present in either the 
lube distillates or the residuum of any crude, from 
low grade components was developed and is com- 
mercially operated by The Atlantic Refining Com- 
pany, 260 South Broad Street, Philadelphia, Pennsyl- 
vania. Through the courtesy of the company this 
material is presented. 

A crude lubricating distillate or residuum is made 
up of a mixture of hydrocarbons. Some of these com- 
pounds are highly paraffinic, some are of interme- 
diate character, and some are highly naphthenic or 
asphaltic. The highly paraffinic compounds are prac- 
tically insoluble in nitrobenzene, the asphaltic and 
highly naphthenic compounds are very soluble, while 
the compounds of intermediate character have solu- 
bilities between the two extremes. Hence, when oil 
is mixed with nitrobenzene the least desirable com- 
ponents are most readily dissolved and removed. By 
varying the degree of treatment, the quality of the 
material remaining undissolved can be controlled 
over a wide range. 

The process is purely physical in nature since the chem- 
ical character of the various hydrocarbons remains un- 
changed during the separation. If the products obtained 
are mixed together in yield proportions, the properties of 
the mixture will be the same as those of the original oil. It 
follows that the maximum yield of an oil of given quality 
will be equal to the amount of oil of that quality originally 
present in the stock. This maximum yield is very closely 
approached in practice. 

Nitrobenzene has a high specific gravity and a low vis- 
cosity at the temperatures employed for extraction. As a 
result, mixing and settling in the extractor system are 
rapid and complete. The solvent does not attack the ordi- 
nary materials of construction and is stable at the temper- 
atures employed by the process. The boiling point is low 
enough to permit a complete separation of solvent and oil 
by simple evaporation and steam stripping. Nitrobenzene 
and water are practically immiscible and the separation of 
the 0.2 percent of solvent dissolved in water is very simple. 
At operating and storage temperatures the solvent is prac- 
tically non-volatile, and accordingly solvent losses are ex- 
tremely small. The supply of nitrobenzene is large and 
dependable, while its cost is relatively low. Eight years of 
experience including laboratory, semi-plant, and plant op- 
eration have shown that the material can be used without 
harmful physiological effects, confirming the years of ex- 
perience in the manufacture of nitrobenzene in the chem- 
ical industry. 

Nitrobenzene is distinctive in its high solvent power for 
asphaltic, naphthenic and aromatic compounds. As a result, 
the nitrobenzene process requires a low solvent oil ratio 
to produce a given yield of a given quality oil. These 
ratios vary from 0.5 volumes to 2 volumes of solvent per 
volume of oil. The importance of this property is apparent, 
since solvent recovery is the major cost item in solvent 
refining 

Essentially the process consists of two steps: contacting 
the charge oil with nitrobenzene in a multi-stage counter- 
current extractor composed of a series of mixers and set- 
tlers; and then recovering the nitrobenzene from the raf- 
timate and extract solutions. The raffinate solution con- 
tains the paraffinic fraction of the charge stock in which 
some nitrobenzene has been dissolved, while the extract 
solutidn consists of nitrobenzene and the undesirable ma- 
terial which it has dissolved. The nitrobenzene recovered 
from these solutions is re-used. 

The flow of material is illustrated by the diagram on the 
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opposite page. The charge oil is first pumped through a 
water-cooled chiller and thence to a brine-cooled chiller. 
At this point it is diluted with extract solution from the 
second stage of the extractor. The mixture is then cooled 
to the operating temperatures and enters the first settler, 
Fresh or previously tecovered nitrobenzene flows through 
an exchanger and cooler to enter the extractor at the fifth 
stage mixer, and flows through the extractor system coun- 
ter-current to the oil~ The raffinate and extract solutions 
flow continuously from each settler into mixers or to the 
recovery system. The extract solution flows from extractor 
5 to extractor 1 in succession, while the raffinate solution 
flows from 1 to 5. The extract solution leaving extractor 
1 and the raffinate solution leaving extractor 5, in which 
it has been contacted with pure nitrobenzene, are ready 
for solvent recovery. 

The extractor system may be operated at constant tem- 
perature (40-80°F.) throughout or with a_ temperature 
gradient, as conditions dictate. Several modifications of the 
extractor system have been developed and can be applied 
as required by the stock to be treated and the products 
desired. 

The extract sclution is heated_in a series of exchangers 
and then delivered to the evaporators B where the nitro- 
benzene present is boiled off under reduced pressure, using 
closed steam as the heating medium. The nitrobenzene 
vapor is condensed for re-use. Plant operating pressures 
do not exceed atmospheric, and the maximum temperature 
used is 350°F. The extract leaving the evaporators contains 
about 1 percent nitrobenzene which is removed by strip- 
ping with open steam in tower C. The raffinate solution 
is treated in a similar fashion in the evaporators D and 
stripper E. 

Any water which has been in contact with nitrobenzene 
in the process is collected in settler F. The nitrobenzene 
which separates is returned to storage or sent to evap- 
orator B for redistillation. The aqueous layer from settler 
F is heated by exhaust steam to about 125°F. and about 
15 percent of the water is vaporized under vacuum in 
evaporator G. The vapor, which contains all of the nitro- 
benzene in the water charged to evaporator G, is con- 
densed and returned to the separator. The unvaporized 
water is free of nitrobenzene and can be discarded. 

In general, oil of any quality up to Pennsylvania grade 
or better can be obtained from any distillate or residuum 
which contains any oil of this quality. The quality of the 
lubricating oil obtained is dependent on the degree of 
treatment. 

Charge stocks varying from light distillates (200 S. S. U. 
viscosity at 100°F.) to heavy residuums (950 S. S. U. vis 
cosity at 210°F.) have been successfully processed at an 
average rate of about 2000 barrels per day in the plant at 
Philadelphia. The color reduction obtained ranges from 
to over 90 percent. The yield depends on the composition of 
the charge stock and the quality of product desired. The 
quantities of nitrobenzene required vary from one-half vol 
ume per volume of charge oil upward and rarely exceed 
two volumes per volume of charge oil. 

The costs incident to the operation are: steam for heat 
ing and for distilling solvent, water for condensing and 
cooling, power for pumping, mixing and refrigeration, 4 
small amount of makeup solvent, and sufficient labor t 
follow the operation of a continuous, automatically com 
trolled, low temperature, low pressure plant. 

The paraffinic oil made will have a higher A. P. I. grav 
ity, a better V. G. C. and V. I., a much lighter color and 
lower carbon residue than the charge stock. The extent f€ 
which these improvements are carried depends on the de 
gree of treatment used. 

Nitrobenzene treatment removes those compounds which 
decompose in an engine to form sludge and produce stick 
ing rings, loss of power and generally unsatisfactory oper 
ation. Hence a nitrobenzene. treated oil has remarkable 
stability in use, minimizes the formation of sludge in the 
engine and provides continuous lubrication: 
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Osterstrom 


Clay Treating Process 





TEXACO DEVELOPMENT CORPORATION 


‘as Osterstrom Liquid-Phase Clay Treating 
Process was developed by The Pure Oil Com- 
pany to meet some of the specific requirements in 
refining of vapor-phase cracked gasoline, especially 
Gyro gasoline. It was desired to retain the ad- 
vantages of clay treating as regards comparatively 
low treating losses over what would be obtained by 
acid treating and rerunning, together with freedom 
from anti-knock depreciation and the production of 
a finished gasoline of good stability and low gum 
content, while obtaining additional advantages espe- 
cially in the treatment of highly cracked products. 

The process finally arrived at was to pass the 
* cracked gasoline, after condensation and separation 
of fixed gas, through a pipe still in which it was 
heated to temperatures well above its boiling point 
at normal pressure while maintaining it at a pressure 
of the order of 1000 pounds per square inch. Time of 
passage through the coil maybe long enough to 
effect initial polymerization due to the heat and pres- 
sure. The oil upon leaving the furnace is passed with- 
out reduction of ‘pressure and temperature through a 
chamber containing a bed of fuller’s earth. On leaving 
this chamber the pressure is reduced and the oil is 
passed into an evaporator tower where it is flashed 
and fractionated. 

The oil charged to the treater may be either an 
endpoint distillate or higher boiling, in view of the 
final fractionation: obtained. Polymers are drawn 
from the bottom of the fractionating tower and may 
then be returned to the cracking still for recracking. 

The treatment of vapor-phase cracked distillate 
calls for a process which is flexible and one which 
treats either freshly made distillate or distillate which 
has been stored for some time. The Osterstrom 
Process is flexible in that the temperature as well 
as time of contact can be varied so that it is possi- 
ble to treat a distillate of any age. The heating means 
is independent of the cracking still, so that the treat- 
ing unit can be run while the cracking unit is not 
in Operation and vice versa. 

The flow diagram shows a typical arrangement. 
Raw distillate to be treated is pumped at approxi- 
mately 1000 pounds pressure through the radiant 
section of a pipe still, where it is brought to the de- 
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sired temperature. It is then passed through the 
elongated chamber, which is charged with coarse 
leased and the vapors resulting are fractionated. If 
additional heat is required to completely separate 
gasoline vapors from the residue, the oil may be 
passed through a second heating coil as shown. 

The Osterstrom liquid-phase process has been in 
use for several years with uniformly good results 
as regards gum content by the air jet method and 
oxygen bomb induction period. Although in most 
plants where it is installed, color specifications are 
such that the treated product is satisfactory with 
colors ranging from 17 to 22, the treating conditions 
can be so modified as to yield a finished gasoline of 
any desired color characteristics. In one plant a color 
of 27 or better has been uniformly obtained. In one 
plant one charge of clay was in use for approximate- 
ly 4% months. Due to’ the long time of contact ef- 
fected by liquid phase treatment as compared with 
vapor phase, small treating vessels can be used so 
that, despite the high pressures, the initial installa- 
tion cost is moderate. 

Following is representative data from the opera- 
tion of a commercial unit: 


REPRESENTATIVE HIGH PRESSURE CLAY 
TREATING DATA 


Gyro Distillate from Mid-Continent and Michigan 
Reduced Crude Oils 


Operating Data— 


Throughput, barrels per day................... 2500-4000 
RS a rere 1000 
Temp. tube still out, deg. F.. 350- 580 








Temp. clay chamber out, deg. F................ 580- 630 
i ee ere 166,342 
Clay Yield—71,947 barreis of finished gasoline 
per ton of clay. 

Quality of Products— 

a ee os ee —% at 500" F. 

Grav. 1.B.P. 10% 20% ‘50% 99% E.?’. Color Gum 
Charging Stock .54.4 87 136 165 263 387 435 
Finished Gyro ..54.7. 90 129 166 265 393 417 16-22 2mg. 
..+-23.9 416 438 448 49% 


Polymers . 








The finished Gyro showed an induction period of 
four hours plus. 

The Osterstrom Process is licensed by Texaco De 
velopment Corporation, 135 East 42nd Street, New 
York. 
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Perco Catalytic Desulfurization Process 








PHILLIPS PETROLEUM COMPANY 


, il Perco Catalytic Desulfurization Process de- 
veloped by Phillips Petroleum Company, Bartlesville, 
Oklahoma, and available to the industry through the 
Perco Division, provides an economical means of 
removing, in general, 40-60 percent of the sulfur con- 
tent of cracked gasolines, 60-98 percent from straight- 
run gasolines, and 90-100 percent from natural gaso- 
lines. The types of sulfur compounds removed by the 
process include the mercaptans, sulfides, and disul- 
fudes, while the cyclic compounds are not greatly 
affected. The variation in quantity of cyclic com- 
pounds present in the above mentioned types of 
gasoline accounts for the differences in reduction of 
total sulfur content. 

It is well recognized now that sulfur compounds 
in motor fuels have a very marked effect in reducing 
the response to tetraethyl lead. The primary purpose 
of catalytic desulfurization is to eliminate this effect, 
although there are other important benefits in many 
cases, such as reduttion of sulfur content to specifica- 
tions, improvement in odor, and improvement in sta- 
bility. The improvement in lead response usually is 
accompanied by an improvement in the clear octane 
number, and the combined effect often produces a 
fuel to be sold in the next higher price bracket. 

Catalytic Desulfurization is particularly applicable 
for improving the quality of naphthas to be used in 
the manufacture of high-octane aviation gasolines. 
Substantially complete desulfurization, as obtained 
in this process, is required for maximum response to 
tetraethyl lead. 

The process operates at low pressure and moderate 
temperature. As shown in the flow sheet on the oppo- 
site page, the feed is vaporized, usually by heat ex- 
change with the product leaving the cataly st tower, 
and then superheated to a temperature in the neigh- 
borhood of %50° F. The superheated vapors are 
passed through the catalyst bed, where organic sulfur 
compounds are decomposed to hydrogen sulfide. The 
pressure on the catalyst tower generally is main- 
tained at 50 pounds or less, and the flow rate may 
range from 100 to 300 barrels of liquid feed stock 
per ton of catalyst per day. After cooling and con- 
densing the product, the hydrogen sulfide is removed 
by whatever means is most applicable in the par- 
ticular instance, such as fractionation or chemical 
treatment or a combination of both. 

Operating cycles up to 30 days or more for a 
charge of catalyst are obtained on many gasolines. 
Catalyst cost is of the order of one cent per barrel. 

For the treatment of cracked gasolines or blends 
containing cracked gasolines which deactivate the 
catalyst, auxiliary equipment is provided for catalyst 
regeneration. 

The regeneration operation is accomplished by 
charging to the alternate chamber a stream of low- 
pressure air to burn off the carbonaceous matter, 
such air being in admixture with a predetermined 
quantity of steam superheated to give a temperature 
of about 750° F. for the air-steam mixture entering 
the reactor on regeneration. 
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The catalyst can be regenerated an indefinite num- 
ber of times without impairment of its activity. 
There is substantially no loss of hydrocarbons in- 
volved in the desulfurization treatment. 

The process is especially useful in the production 
of aviation or premium motor fuels from straight-run 
gasolines, where the maximum lead response is de- 
sired. Several typical examples of the effects of cat- 
alytic desulfurization on lead response are shown 
below for various types of gasoline. 


CRACKED GASOLINE 
56° am Gravity; 9-Lb. R.V.P.; 420° F. E.P. 


Undesulfurized | Desulfurized 











ASTM ‘Octane No. ‘ 65.7 69.1 

+1 cc TEL , : 70.0 75.8 

+2 cc TEL....... 72.4 78.0 

73 ce Ti... . - 74.5 79.8 
Total Sulfur. .. ‘ 0.140 0.076 


Mercaptan Sulfur 





STRAIGHT RUN NAPHTHA 
50° an Gravity; 3-Lb. RVP; 440° F. E.P. 





| Vadesulfurtacd} Desulfurized 





ASTM Oc tane No. , 45.4 49.6 
+1 cc TEL esol 52.0 59.8 
+2 cc TEL 56.6 66.8 
+3 cc TEL 59.8 70.5 

Total Sulfur 7 0.323 0.053 

Mercaptan Sulfur 0.119 0.002 








STRAIGHT RUN GASOLINE 
58° API 0 Gravity; 6- nib. R.V. ied 400° F. E.P. 











Undesulfurized | | Desulfurized 
ASTM ‘Octane No...... 53.8 | 57.8 
+1 cc TEL oe 59.2 68.9 
2 cc TEL ee | 63.0 74.1 
+3 cc TEL 5 avin’ 65.9 77.4 
Total Sulfur F , au 0.309 0.017 
Mercaptan Sulfur.... “6 0.148 0.000 





STRAIGHT RUN GASOLINE 
64° API Gravity; 8-Lb. R.V.P.; 375° F. E.P. 








Undesulfurized | Desulfurized 
ASTM Octane No.......... Fry 58.5 60.8 
+1 cc TEL ben “Ke ication 65.4 72.8 
2c TEL -sitacanewth pact 69.4 78.5 
+3 cc TEL : ‘ sie 72.2 81.5 
Total Sulfur ee 0.143 0.005 
Mercaptan Sulfur 067 0.001 





- CRACKED-STRAIGHT RUN-POLY GASOLINE 
66.2° API Gravity; 9.9 R.V.P. 355° F. E.P. 








| Undesulfurized | Desulfurized 





ASTM Octane No................ : 58.6 63.9 
+1 cc TEL..... agate PE ae 66.4 | 73.9 
+3 cc TEL ae ee 73.1 79.0 

Research Octane No................. call 61.4 67.2 
+1 cc TEL nadeane oie sae | 70.0 76.6 
+3 cc TEL Sa Ree aie ee OSS 0 ‘| 77.9 83.7 

Total Sulfur, Percent........... a 0.088 0.024 

.| 0.023 Sweet 


Mercaptan Sulfur, Perce it 








STRAIGHT RUN GASOLINE 
68.3° API Gravity; 12.4 R.V.P. 346° F. E.P. 


— —— 








| Undesulfurized Desulfurized— 








ASTM Octane No............... See 44.8 46.8 
Sr oe oe ‘ 53.9 59.6 
Ge BUNS hwo cp oan Ae ae koa eee . 63.4 71.5 

RS ES ne on hae 6 oo 55 m0 0.056 0.05 

Mercaptan Sulfur, Percent.............. 0.024 0.003 
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Perco Catalytic Reforming Process 





PHILLIPS PETROLEUM COMPANY 


hie Perco Catalytic Reforming Process developed 
by Phillips Petroleum Company, Bartlesville, Okla- 
homa, and licensed to the industry through its Perco 
Division, provides an economical means of both de- 
sulfurizing and catalytically reforming cracked and 
straight-run naphtha. 

The normal benefits derived from Perco Catalytic 
Desulfurization elsewhere described in this Process 
Handbook, are obtained together with an appreciable 
increase in clear octane rating due to some additional 
mild cracking or reforming as evidenced by the pro- 
duction of fixed gases in the reactor effluent stream. 

Normal process cycles are of the order of 24 hours 
or more with only a small deposition of carbon or 
other carbonaceous matter on the catalyst as com- 
pared to conventional catalytic cracking. This low 
carbon deposition on the catalyst permits an opera- 
tion on relatively long process cycles and low-cost 
regeneration of the catalyst. 

The process operates at low pressure, usually of 
the order of 50-100 psig. As shown in the accompany- 
ing flow sheets, the feed is vaporized, usually by heat 
exchange with the reactor effluent, and then super- 
heated to a temperature of about 1000° F. The super- 
heated vapors are passed through the reactor, thence 
to exchange with the feed and finally to product 
cooler and accumulator. 

The regeneration of the catalyst is the same pro 
cedure as that described for Perco Catalytic Desul- 
furization and comprises burning off the carbona- 
ceous deposits with a superheated air-steam mixture. 

Typical Perco Catalytic Reforming results are 
given in the accompanying tables. Note the appreci- 
able increase in “jump” octanes or the spread between 
ASTM and Research Octane, a feature of extreme 
interest to refiners having only thermal-type equip- 


208 


ment. It is of further interest to note that the process 
is not only applicable to stocks having moderately 
high total sulfur but also to those stocks having rela- 
tively low sulfur. 

Fixed gas losses are relatively low and yields are 
high, particularly in view of the C, and C, compo- 
nents recoverable as poly-feed. 

The process may be operated either as a catalytic 
reforming unit or as a catalytic desulfurization unit, 


ILLINOIS STRAIGHT-RUN NAPHTHA 
54.7° API GRAVITY; 0.8 RVP; 240-375° F. Boiling Range 
—————————— — = ———— | —— = —_—— = 


Raw Cat. 
Feed Reformed 





ASTM Octane No. : Sp 36.7 45.6 
+1 cc TEL ' | 47.3 59.0 
+3 cc TEL ‘a 59.4 70.8 

Research Octane No. 33.8 47.8 
+1 cc TEL. * 44.8 | 61.0 
+3cc TEL... ‘< 58.8 72.4 

lotal Sulfur, Percent , 0.022 0.008 


PANHANDLE CRACKED-STRAIGHT-RUN GASOLINE 
59.2° API Gravity; 4.8 RVP; 117-390° F. Boiling Range. 


Raw Cat. 
Feed Reformed 





ASTM Octane No. ; ; 57.2 
+1 cc TEL. ; “~ 63.8 
+3 cc TEL . _ 71.6 

Research Octane No. 59.5 
+1 cc TEL 7 ' Sal 66.9 
+3 cc TEL ° 74.8 

rotal Sulfur, Percent 0.082 


Qa 
wAISI = bo 
a oe fee | 


oa h4 
ote 
Ste 


aS 
te 


| 


EAST TEXAS DISTILLATE 
66.1° API Gravity; 6 Lb. RVP; 100-410° Boiling Range 


| 
Raw Cat. 
Feed | Reformed 





ASTM Octane No. me, 
+l ec TEL - 
+3 cc TEL 
Research Octane No. 
+1 cc TEL 
+3 cc TEI 





to Sato me 
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Perco Copper Sweetening Process 





PHILLIPS PETROLEUM COMPANY 


| Pere methods of treating gasolines with rea- 
gents comprising compounds of copper have been 
suggested for many years. Phillips Petroleum Com- 
pany, through licensing activities of the Perco Divi- 
sion, Bartlesville, Oklahoma, has made available cop- 
per sweetening processes used by over 100 refineries 
and gasoline plants in the United States, and units 
are in use in Canada, South America, Europe and 
Africa. 

These processes take advantage of the oxidation of 
mercaptans by cupric chloride, and the subsequent 
regeneration of the cuprous chloride with oxygen as 
shown by the equations: 


2 CuCl. 
Cupric 
Chloride 


2HCl 


Hydrochloric 


Acid 


(1) 2 RSH 
Mercaptan 


(2) 2 CuCl 
Cuprous + 
Chloride 


(2) 2 RSH _ 
Mercaptan 


1/2 O: 
Oxygen 


As shown by the equations, one of the advantages of these 
processes is the theoretical absence of chemical consumption 
in the sweetening step. In practice it is necessary only to 
make up mechanical losses of the treating solution. Other 
operating charges are reduced, particularly labor costs, be- 
cause of the simplicity of the method ' 

The elimination of gasoline loss, due to treating in 
a closed system and complete separation from the 
treating solution, contributes substantial savings. 
Probably the most important item is the improve- 
ment in quality of the copper-treated product. The 
product is also more responsive to gum inhibitors. 
The product is unusually stable when exposed to 
sunlight, with respect to both color and to corrosion 
test. Copper sweetening can form only the disulfides, 
since no additional inorganic sulfur is present in any 
form during the reaction. In the treatment the sulfur 
content is, of course, unchanged. 

The Perco processes are applicable to any stock 
requiring sweetening and are especially suitable for 
those of a very sour nature since these are handled 
with only a slightly higher cost due to increased air 
requirements. This method of sweetening is applied 
in two ways; if the stock to be treated is sufficiently 
stable to color and gum when treated in presence of 
air, it is mixed with the necessary air and filtered 
through a bed of absorbent material impregnated 
with the copper reagent; other stocks are continu- 
ously treated with the copper solution in the absence 
of air and the copper regenerated in a separate tank. 
The oxidizing power of the solution is controlled 
to prevent side reactions with unstable hydrocarbon 
constituents. Stocks treated with the copper solution 
are given a final sodium sulfide wash to give color 
and gum stability, by removing minute traces of cop- 
per which may be present in the treated oil. 

210 
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RSSR 
Disulfide -L 


Oxygen 


The simplified flow diagrams illustrate the two 
methods. In either process, if the gsoline to be sweet 
ened contains hydrogen sulfide or free sulfur, these 
are removed by a caustic-washing step prior to the 
sweetening operations. If hydrogen sulfide and free 
sulfur are not present, this step may be omitted. 


In the Perco solution process, the gasoline is con- 
tinuously treated by contacting with the treating 
solution in a centrifugal pump. The mixture of copper 
solution and sweetened gasoline passes to a separat- 
ing tank, from which the used copper solution is con- 
tinuously withdrawn to the regenerating tank where 
it is regenerated with a controlled amount of air te 


2 HCl 
Hydrochloric 
Chloride Acid 


2CuCl: H:O 
Cupric -- Water 
Chloride 


2 CuCl 


Cuprous 


1/2 O: 


H:0 
Water 


RSSR r 
Disulfide 


give the desired oxidation potential. The maximum 
efficiency of the air is obtained by diffusers, as illus 
trated. The regenerated copper solution overflows to 
a solution-storage tank and is then recycled. The 
sweetened gasoline is continuously withdrawn from 
the top of the separating tank and is given the final 
stabilizing wash, settled, and passed to finished stor 
age. In the solid process, the feed, free of hydrogen 
sulfide, is mixed with a predetermined quantity oF 
air, which is dissolved in the gasoline, filtered through 
the reagent and passed to finished storage. 

In the Perco solution process all equipment in com 
tact with the copper solution is constructed of corre 
sion-resisting material, as the solution is corrosive t0 
iron or steel. In the solid process ordinary materials 
are used throughout. 

Due to compactness of equipment and relatively 
small size for a given throughput, the installation 
costs are low. 

The following example of liquid treatment of @ 
cracked distillate having a 170-400° F. boiling range 
and 53° API gravity is typical of results obtained @ 
comparison to doctor treating. 


Treated 





Color, Saybolt 
Octane Number: 
Without Lead 
+lec TEL.. 
+2cc TEL.... 
Induction Period, Min.: 
Without Inhibitor. . . 
With 0.002 Percent Inhibitor 
With 0.004 Percent Inhibitor 
ASTM Gum.... 
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Perco Cycloversion Process 





PHILLIPS PETROLEUM COMPANY 


Cvs, VERSION or catalytic cracking developed 
by Phillips Petroleum Company, Bartlesville, Okla- 
homa, is available for license to the petroleum refin- 
ing industry through the Perco Division. 

This process is schematically similar to the Perco 
Catalytic Desulfurization and Catalytic Reforming 
this Hand- 


book, and as a consequence Cycloversion may be 


Process elsewhere described in Process 
used to accomplish desulfurization, catalytic reform- 
ing and catalytic cracking. 

The operation of the Cycloversion Process when 
catalytically cracking gasoil, is illustrated in the 
accompanying diagram. The fresh or recycle feed is 
charged to a heater where it is preheated to about 
980-1000° F. A small diluent is 
added to the feed in the convection bank of the fur- 


amount of steam 
nace to reduce carbon deposition on the catalyst, im- 
prove the octane rating and assist in vaporizing the 
charge stock. The superheated oil-steam mixture 
passes thence to the catalyst chamber at about 85 
psig where catalytic cracking is obtained in process 
cycles of periods of 2-10 hours. Waste-heat exchang- 
ers are provided at the catalyst-chamber outlet to 
recover a large amount of heat in steam production. 
From the waste-heat exchangers the product passes 
to the heat exchange and condensing equipment and 
onto the oil-water-vapor separator where the con- 
densed water is withdrawn, the vapors go to the 
recovery plant and the liquid hydrocarbon condensate 
to fractionation. 

Simultaneous with the process cycle an alternate 


reactor chamber is undergoing regeneration. Steam 
from the waste-heat exchangers is superheated to 
about 850° F. admixed with air and charged to the 
chamber on regeneration. The regeneration gases are 
passed to waste-heat exchangers and finally vented 
to the atmosphere through a suitable vent stack. 
The Cycloversion Process embodies a fixed-bed 
principle of catalytic cracking and a rugged natural 
baxuite catalyst capable of regeneration an indefinite 
number of times and maintains practically 100 per 
cent cracking efficiency. Features of the Cycloversion 
Process are its low-cost operation together with high 
vields of superior-quality motor fuels. It is unique in 
that its flexibility lends it to catalytic reforming of 
motor-fuel-boiling-range naphthas as well as desuk 
furizing both cracked and straight-run products. 


Unde- 
| sulfurized 





Feed Stock: 
Gravity, API 36.5 
10 Percent. . oa 2 
90 Percent. . 

Aniline No. 

Catalytic Gasoline: 
Gravity, API° 
Reid Vapor Pressure 
ASTM Octane No. 

+3 cc TEL 
Research Octane No. 
+3 cc TEL. se 

Yields, Percent of Charge: 

Catalytic Gasoline 400 E.P.*.. 
Propylenes, Vol. Percent..... 
Butylenes, Vol. Percent ‘) 
Catalytic Recycle 400+ Vol. Percent 
Gas. F.O.E., Vol. Percent. .. 

Carbon, Wt. Percent. v 

Conversion, Single Pass, Vol. Percent 


Es 


OO PWS 


wNOthivon 
ms oe 
Po bo OMI So 


w 
D> 


i 








* Includes Butanes after Catalytic Polymerization. 
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Perco HF Alkylation Process 





PHILLIPS PETROLEUM COMPANY 


‘i E alkylation of an isoparaffin such as isobutane, 
with olefins, such as propylene, butylenes or amy- 
lenes, using hydrofluoric acid as a catalyst is a well- 
established process for producing high-octane-num- 
ber premium aviation and automotive fuels. 

The essential feature of the Perco HF Alkylation 
Process is the reaction of the olefins with an isoparaf- 
fin using liquid hydrofluoric acid as a catalyst. As 
shown in the flow sheet, liquid olefin-containing feed 
and isobutane usually are fed into the bottom of 
mechanically-agitated reactor while. liquid hydro- 
fluoric acid catalyst is fed into the top. After intimate 
contacting in the reactor, the hydrocarbon and acid 
are separated in a settler. Acid is recycled to the 
contractor and the hydrocarbon is purified and sepa- 
rated by fractionation and other means. 

The process is operated at ordinary atmospheric 
temperatures and at sufficient pressure to keep the 
hydrocarbon mixture liquid. The acid-hydrocarbon 
ratio most frequently used is in the neighborhood of 
1:1. A large excess of isobutane is used over that 
required for reaction with the olefin. External isobu- 
tane-to-olefin ratios from 4 to 1 up to 12 to 1 have 
been used. The acid strength normally is maintained 
in the range of 85-95 percent hydrofluoric acid. 


Several subsidiary operations are necessary to the 


process. The hydrofluoric acid catalyst is continu- 
ously purified by fractionation of a small portion of 
the circulating stream in an acid rerun unit as shown 
in the diagram. The hydrocarbon effluent is first 
treated to remove dissolved acid by fractionation in 
the azeotropic tower. The excess isobutane is re- 
moved by fractionation in a deisobutanizer, and the 
isobutane is separated from propane in a depropa- 
nizer before being recycled to the contactors. The 
deisobutanizer bottoms, containing all hydrocarbons 
heavier than isobutane, are catalytically defluorinated 
before being further fractionated. The fractionation 
steps following are dependent on the nature of the 
products desired from the process. In the flow sheet 
shown, normal butane, iso- and normal-pentane, avia- 
tion and heavy alkylate are all separated by frac- 
tionation. 

Typical operating and other data are given in the 
accompanying tables. Certain features to be con- 
sidered in designing a unit for peacetime motor and 
aviation fuel production would include: 


fractionation step 


1. Combination of the main azeotropic 
with the deisobutanizing step, one fractionator serving both 
A small azeo tower could be used on a bleed stream 
This change would result in sav- 
and in maintenance. 


functions. / 
to a depropanization step. 
ings in capital investment, 

2. Simplification of the acid-rerun equipment by use of a 
single column, acid-soluble oil and water being removed at 
the bottom of this column together, and by the use of a 
higher column pressure to eliminate the necessity of over- 
head-product pumps with attendant savings in maintenance. 

3. In production of alkylate for motor-fuel blending, the 
fractionation of aviation alkylate from heavy alkylate could 
be eliminated in most cases with further savings in utilities 
and in capital investment for a new plant. 


utilities, 
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A very comprehensive treatise of the subject of HF Alky 
ation was published in a book by the same name by Phillips 
Petroleum Company, Perco Division, Bartlesville, Oklahoma, 
licensors of HF Alkylation. 


TABLE 1 
Typical Operation of HF Alkylation Unit 


$e 


Bbl. per Day 








Charge to Unit: 





Propylene. 
Butylene 
Amylenes 


Total Olefins ah 

Saturated Hydrocarbons*. 

Total Feed. ‘ 
Recycle Isobutane, Bbl. per Calendar Dayt 


Yields: 





Aviation alkylate. 
Heavy alkylate 

Isopentane 

Normal Pentane 

Propane. 

Acid-soluble oils. ... 
Aviation Alkylate Y ield, bbl. per bbl. Olefin. 
Isobutane consumption, bbl. per bbl. Olefin 
Operating Conditions: 

Isobutane-Olefin ratio (external) 

Acid-Hydrocarbon ratio... 

Pressure, psi. 

Temperature, OF. 

Contact time, minutes. 
Acid Catalyst: 

Titrable oeidiny, Wt. Percent.... 

Oils plus solids, Wt. Percent. . 

Water, Wt. Percent 





* Contains 418 bbl. Isobutane. 
t Total stream—S0 percent purity. 





TABLE 2 
Typical Properties of HF Alkylate 








Depentanized Heavy 
Aviation 
Alkylate Alkylate 


Gravity, °API - ec eecaeeawe 9. 45.8 
wei hy Distillation, oF.: 
416 


428 





10 Pe rcent 

50 Percent. 

90 Percent. 

End Point 
Reid Vapor Pressure, Ib.. 
Octane Number, ASTM... 

+1lcc TEL. oy 
Octane Number, Research 

+ lec TE 














TABLE 3 
Utility and Chemical Consumption HF Alkylation 


Basis—3000 bbl. per day aviation alkylate was operation. 
3400 bbl. per day motor alkylate-redesigned peacetime plant. 

| | 
Wartime | 
Operation 


Steam, Ib. per hour........ ae 115,000 
Electricity, kw iF i 1,300 
Water Circulation, gpm ; 5,300 
Water, makeup, gpm. ee ed 283 
Fuel gas, cu. ft. Ns ae cee 12,000 
Chemical, Ib. - month: 
Caustic Soda. . ‘ 9,850 
Bauxite. . 105,000 
Hydrofluoric Acid 60,000 
Bs ew iskes 1,500 
Labor: 
Operation, man-hours per day oe 157 
Maintenance, man-hour per day 105 
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Percolation Filtration Process 





ATTAPULGUS CLAY COMPANY 


g ina percolation filtration process for finish-refin- 
ing of petroleum fractions is used to produce lubri- 
cants, distillates, waxes and specialty-oil products 
to the high-quality specifications. Percolation-finished 
oils and waxes are characterized by excellent color, 
odor and taste, and by their stability and demulsify- 
ing properties. In recent years, improvements in 
equipment and more rigid application of technical 
control to filter-plant operation have increased proc- 
essing efficiency and decreased operating costs. 

Percolation filtration consists essentially of the 
filtering of a partially refined petroleum fraction 
through a columnar bed of granular adsorbent ma- 
terial. The adsorbents commonly used are fuller’s 
earth and activated bauxite. Each of these materials 
possesses certain inherent refining advantages, de- 
pending upon characteristics of the oils being finished, 
and selection of the proper adsorbent is therefore 
the first requisite to percolation-plant design. 

The mechanics of the percolation process are such 
that the oil and adsorbent are brought together under 
conditions which approach true counter-current op- 
eration. The finished products receive thereby the 
most thorough degree of purification. 

Percolation adsorbents are revivified for reuse by 
burning away of the impurities adsorbed from the 
oils. 

Lubricating-oil stocks may be refined by this 
process by percolation in dilution with 50 percent or 
more of naphtha or by the straight percolation of 
the oils without such dilution. Solvent-refined oils 
wherein the color reduction required in percolation 
finishing is relatively small and which are filtered 
primarily for stability, demulsibility, etc., usually 
may be filtered without dilution to high yields of 
finished product. A flow plan and general considera- 
tions of a plant of this latter type, suitable for the 
finishing of solvent-refined oils or waxes, is shown on 
the opposite page through courtesy of Attapulgus 
Clay Company, 260 South Broad Street, Philadel- 
phia 1, Pa. 

The adsorbent used in percolation finishing of 
mineral oils and waxes is usually a 20/60 or 30/60 
mesh. The new adsorbent is heated in the adsorbent 
burner to 600-700° F. prior to first use. The dried 
or “tempered” adsorbent then is charged to the filter 
which may vary in capacity from 10 to 50 tons. The 
filter then is filled with oil and after a short soaking 
period the percolation proper is started. The first 
oil off is usually lighter colored, the stream gradually 
darkening until the refining power of the adsorbent 
may be considered to be exhausted. The filter then 
is drained, washed with naphtha, steamed to recover 
the naphtha and to condition the adsorbent for revivi- 
fication. At the completion of this part of the cycle, 
the adsorbent is drawn from the filter and revivified 
in the burner at a maximum temperature of 1100° F. 

The decolorizing and refining efficiency of granu- 
lar fuller’s earth is gradually decreased by the re- 
vivification treatment and the usual practice is to 
replace the plant charge at intervals. The proper 
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point of clay discard varies with the type of oil stock 
being processed and is determined by cost calcula- 
tions. The number of revivifications economically 
obtained may vary from 8 to 18 with average operat- 
ing conditions and equipment. 

The revivification characteristics of activated baux- 
ite differ in several respects from fuller’s earth, the 
most significant difference being its greater resist- 
ance to loss in efficiency caused by the revivification 
operation. This smaller efficiency decline obviates the 
necessity for periodic discard and it becomes possible 
to operate a filter plant under stabilized adsorbent 
efficiency conditions, the bolstering effect of the 
makeup material necessary to compensate for un- 
avoidable handling losses just balancing the small 
decline in efficiency caused by revivification. The 
equilibrium level thus established will vary with the 
type of oil being treated and type of equipment used. 
It usually will fall within the range of 60-80 percent 
of the efficiency of new bauxite. 

The advantages of fuller’s earth are particularly 
evidenced in the manufacture of white medicinal oils 
and in the treatment of lubricating stocks where the 
desired color reduction is particularly high, Activated 
bauxite, on the other hand, displays advantageous 
qualities for the refining of petrolatums and waxes 
to light colors and to odor and taste-free specifica- 
tions. The greater resistance of bauxite to efficiency 
degradation frequently will recommend its adoption 
from economy considerations. The refining ability of 
bauxite is useful especially in the treatment of Penn- 
sylvania residual stock and in the finishing of special 
lubricating oils to high-quality demulsibility require- 
ments. 

Owing to the variable properties of oils from dit 
ferent crude sources and varying pre-treatments, the 
selection of the proper adsorbent for a given decloor- 
izing problem should be the aim of a detailed investt- 
gation and study of the oils to be treated. 

Regardless of the adsorbent employed, the per- 
colation-filtration process possesses certain inherent 
merits which should be borne in mind in considering 
the installation of decolorizing facilities. 

It is essentially a low-cost process, the greater part of the 
manufacturing cost comprising expense other than adsor- 
bent cost. For this reason improvements in operating proce- 
dures are reflected in reduced decolorization costs to a much 
greater degree than other processes in which the adsorbent 
cost constitutes the major item of expense, 

It is essentially a counter-current process in contrast 1 
other decolorization methods which frequently represent the 
least desirable application conceivable from the standpom! 
of counter-current operation. 

It is flexible, permitting simultaneous processing of several 
products in the filter house as well as production of several 
“specialty cuts” from the same filter. 

It is an adsorption process operating at low temperatufes 
and, as a result, yields finished oil of generaly higher quality. 

Ultimate yields, that is, yield of decolorized oil in perce 
of stock charged, are generally high. 

A recent development in ‘percolation filter plant design 
has been the employment of an open plan of construction 
place of the conventional walled-in filter house. This [as 


materially decreased installation costs and has also eliminat 
a number of safety hazards long inherent to the older desig” 
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Petreco Electrical Desalting Process 





PETROLEUM RECTIFYING COMPANY 


Sisk Petreco Electrical Desalting Process was de- 
veloped by Petroleum Rectifying Company to pro- 
vide an efficient and satisfactory method for remov- 
ing salt and other solid materials from crude charging 
stock. The process is carried on by dispersing a quan- 
tity of fresh water into the salt-bearing oil stream 
so as to form a continuous emulsion. The emulsion 
so formed then is subjected to the action of a high- 
intensity electric field to coalesce the dispersed water 
into masses containing the detrimental material. The 
process is continuous and can be tied into the refinery 
stream so that the oil is purified as it goes to the stills. 

The volume of fresh water required ranges from 
2 to 15 percent of the volume of oil being desalted- 
such volume being determined by the nature of the 
crude oil and the concentration of salts present there- 
in. The water is emulsified into the oil by passing 
the mixture through a pressure-reducing valve 
mounted outside and adjacent to the desalter. The 
pressure drop across this valve varies according to 
the type of oil being processed—ranging from 3 to 
50 pounds per square inch. The operating tempera- 
ture for the process varies from 150 to 200° F. Since 
the process operates by virtue of high-tension elec- 
trostatic forces, the electric power consumption is 
low, the average demand being 2 kw per unit, with 
a maximum of 10 kw. After subjection to the action 
of the electric field, the oil and water separate into 
two layers and are drawn from the desalter in two 
continuous streams. 


The standard Petreco desalter is a cylindrical pregs- 
sure tank 10 feet in diameter by 12 feet on the straight 
side. The tanks are set up vertically, and are about 
17 to 23 feet overall in height. Specially designed 
high-capacity units with throughput capacities up toe 
50,000 barrels per day are available. Any number of 
the standard units can be installed as a battery, s6 
that there is no limit to the capacity of the installa 
tion. On such multiple-unit batteries, one or two 
emulsifying valves handle the entire stream. Multiple 
units are manifolded together for automatic control of 
the water level. Electric-power control is maintained 
by individual switch gear operating at either 220 or 
440 volts. 

The Petreco use throughout the 
United States, and in Canada and South America, 
Some of the oils desalted contain as high as 1100 
pounds of salt per thousand barrels of oil; at the 
same time many refiners desalt oil bearing as low 
as 10 to 15 pounds per thousand barrels. Reduction 
of salts varies from 85 to 99 percent, with an accom 
panying reduction in all corrosive substances except 
sulful. It also removes effectively a large portion of 
suspended insoluble matter such as sand, volcani¢ 
ash, ete. 

The Petreco Desalting Process is engineered, serv- 
iced and licensed by Petroleum Rectifying Company 
of California, Los Angeles, California. 


process is in 





WOATOUNLAd 


A 














$$3D0U8d 


ONILIVSIO WOl8LD313 OD3F81L3d 


JOH: 


SILVM 























w OS ad $9) OF 





wo NYVI7T2 











-Process Handbook Section 


/ 


; 


April, ] 








—— 


Phenol Extraction Process 





THE M. W. KELLOGG COMPANY 


P. ENOL extraction is a liquid-to-liquid extraction 
process for improving the viscosity index and oxida- 
tion resistance, and for reducing the carbon and 
sludge-forming tendencies of lubricating oils made 
from crude petroleum. 

The process is employed successfully either before 
or after dewaxing on both distillate and residual oils 
from all types of crudes. The selective solvent em- 
ployed—phenol—gives high yields of desired prod- 
ucts and has exceptional stability. The solvent is 
continuously re-used with losses approximating 0.01 
percent of the total solvent circulated per day in 
well-operated plants. The high solvent power of 
phenol necessitates only comparatively low ratios of 
solvent to oil, a feature which is important in secur- 
ing low operating costs. 

A total of 10 phenol extraction plants now oper- 
ating in the, United States and Canada have a com- 
bined oil-charge capacity of about 37,000 barrels per 
day. Six additional units now being installed in the 
United States will have a combined oil charge of 
about 23,000 barrels per day. 

Modern phenol extraction plants are continuous 
throughout and employ a very efficient vertical 
countercurrent extraction tower, the design of which 
permits usually high oil-charge rates per square foot 
of cross section. Heat requirements are kept to a 
minimum by utilizing heat from the condensing phe- 
nol vapors to vaporize solvent going to the extract- 
recovery system. 

A simplified flow diagram, outlining the complete 
treating and solvent recovery systems, is shown on 
the opposite page. Raw stock and dry phenol are fed 
into the treating tower. Prior to entering the treating 
tower, the feed stock flows through the phenol ab- 
sorber tower to remove the remaining phenol from 
process water being discharged from the plant. 

Raffinate phase is withdrawn from the top of the 
treating tower to the raffinate storage drum from 
which it is fed through a heat exchanger, exchanging 
heat with the treated raffinate oil, thence through 
a coil in the raffinate furnace and is flashed into the 
evaporator section of the raffinate tower at substan- 
tially atmospheric pressure. Phenol vapor recovered 
in this section flows to the phenol condenser and en- 
ters the phenol storage tank. 

The raffinate oil flows to the stripper section of the 
raffinate tower where it is stripped free of solvent 
with steam and is withdrawn from the bottom to 
storage. Steam and solvent vapors flow from the top 
of the stripping section to a surface condenser and 
steam jet, the purpose of which is to maintain a suit- 
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able vacuum for the stripping operation. The jet dis- 
charges sufficient stripping vapors to the phenolie 
water drum to maintain a constant level, bypassing 
the remaining vapors to the phenol absorber tower 
for recovery of phenol, as described above. The 
extract phase is withdrawn from the bottom o’ the 
treating tower and is fed through heat exchangers, in 
which heat is recovered from phenol vapors, and 
enters the drying section of the phenol tower in which 
all water is removed as constant-boiling phenolic 
water vapor. The phenolic water vapor leaving the 
top of this section is condensed and enters the phen- 
olic-water drum from which is drawn reflux for the 
drying section, as well as the water required for 
modification of solvent at the bottom of the treating 
tower. Dry extract solution is pumped from the bot- 
tom of the drying section of the phenol tower to the 
top of the evaporator section of the phenol tower 
where a portion of the solvent is flashed off. Phenol 
vapor reovered in this section flows through exchang- 
ers into the phenol-storage drum. The remaining ex- 
tract solution drops to a pan in the evaporator section 
of the phenol tower and is pumped through a coil in 
the extract furnace returning to a point below the 
pan in the evaporator section of the phenol tower, 
Extract oil containing a small amount of dissolved 
phenol flows from the bottom of the evaporator se¢- 
tion of the phenol tower to the extract stripper 
where the last traces of solvent are removed by a 
stream-stripping operation, similar to that used for 
recovery of phenol from raffinate. Stripper extract i8 
withdrawn from the bottom of this tower to storage. 

Treating results obtainable with phenol extraction 
may be gauged from the table below summarizing 
yields, treating conditions and product qualities for 
several different stocks. 


| Deasphalted 

| East Texas 
Short 
Residue 


| East Texas | 
Neutral 





| 

Solvent Quantity, Vol. Percent 300 | 128 
Treating Temperature, °F. 245 | 168 
Raffinate Yield, Vol. Percent 645 | 74.1 
| 


Inspections Untreated Oil: 
API Gravity 23.0 26.2 
I Vi r 159.0 


‘ 
Carbon Residue, Percent 1.96 | 
Flash COC, °F. 590 
Fire COC, °F. 680 
V.G.C. 
Dewaxed (Zero Pour) V. I. 


Raffinate Oil: 
API Gravity 
SSU Vis. at 210 °F . 72.3 
Color—NPA | 5 2 
Carbon Residue, Percent 0.04 
Flash COC °F. j } 530 
Fire COC °F, 660 595 
V.G.C. 795 | 796 
Dewaxed (Zero Pour) V. I. 94 9: 93 
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Phthalic Anhydride From Petroleum 





E. B. BADGER & SONS COMPANY 


Mew and expanded uses made the need for 
phthalic anhydride acute during the war and im- 
proved manufacturing processes, as well as new raw 
material sources, became essential. 

Outlined in the flow diagram is the first phthalic 
anhydride plant utilizing a petroleum product as raw 
material. This plant was designed and constructed 
by E. B. Badger & Sons Company for a progressive 
chemical company in this country. The design 
capacity of 3500 to 4000 tons annually gives this plant 
almost 5 percent of the total domestic phthalic an- 
hydride production capacity. 

The raw-material feed for this phthalic anhydride 
plant is ortho xylene supplied by hydroformer unit in 
an adjacent oil refinery. The ortho xylene is separated 
from the meta and para xylenes in the crude xylene 
cut produced by the hydroformer unit to give a raw 
material of high purity for the phthalic anhydride 
plant. 

The liquid ortho xylene feed is pumped at con- 
trolled rates into vaporizers. The 
vaporized xylene is injected directly into a stream of 
heated air, the mixture passing into salt-cooled con- 
verter units, Catalyst used in the converter tubes is 


steam-heated 


based on vanadium pentoxide (V,O,;) and is care- 


fully prepared, since dusting and physical deteriora: 
tion and susceptibility to poisoning have a strong 
effect on catalyst activity. 

The reacted vapor mass leaving the bottom of the 
converters passes through tubular heat exchangers 
where the gases are cooled before passing into com 
densers. The crude phthalic anhydride crystals de 
posited in the condenser units are withdrawn at 
regular intervals. The spent gases passing from the 
condensers go into furnaces fitted with gas burners 
and are burned in stacks so as to eliminate fume 
nuisance. 

The crystals of crude phthalic anhydride removed 
from the condensers are melted in steam-heated melt 
tanks, the molten anhydride being distilled batchwise 
in two distillation stills in series. The purified 
phthalic anhydride is removed as an overhead stream 
from the second distillation stage and passes to an 
aluminum storage tank. From this tank it is fed to 
a stainless-steel water-cooled surface for solidifica- 
tion. The final product in the form of chips is weighed 
on automatic scales and packed in paper bags. 

The phthalic anhydride thus produced is of high 
quality, meeting all purity requirements, and com- 
parable in every way with the best produced by the 
older naphthalene process. 
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Precise Naphtha Fractionation Process 





FOSTER WHEELER CORPORATION 


Ly THE Precise Naphtha Fractionation Process 
high-octane fractions are removed, at low cost, from 
straight-run naphtha. 

In modern refining precise fractionation of straight- 
run naphtha serves two purposes: 

(1) Removes high-octane fractions for direct blend- 
ing into motor or aviation gasolines ; 

(2) Concentrates all low-octane fractions for sub- 
sequent isomerization, hydroforming or reforming. 

Curtailment of alkylation and isomerization activi- 





ties as a result of decreased requirements for alkylate 
for aviation gasoline may release fractionating towers 
that could be adequately used for precise fractiona- 
tion purposes. Similar conversions of other wartime 
equipment is also possible. The flow diagram on the 
next page shows a unit designed for the extractive 
distillation of toluene now being used for the precise 
fractionation of straight-run naphtha. 

The flow diagram outlines one of several possible 
methods of fractionating straight-run naphtha for the 
purpose of separating the 
high-octane and lc w-octane 
fractions. The charge enters 
the system through a heat 
exchanger, is further heated 
in a steam heater, and enters 
a column where butane and 
lighter hydrocarbons are re- 
moved. The buttoms leaving 
the column flow to the next 
column where an iso-pentane 
cut is taken overhead. The 
buttoms from this second 
column flow to the third col- 
umn from which the low oe- 
tane fraction is removed as 
an overhead. The final frae- 
tionation is the sequence ‘is 
in the fourth column where 
iso-heptane is removed as an 
overhead and the bottoms 
are pumped from the system 
for reforming. 
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Deasphalting Process 





E. B. BADGER & SONS COMPANY 


‘Las deasphalting of virgin residual stocks by 
means of propane has become a recognized means 
for the production of heavy “distillate” stocks where 
it is necessary or desirable to hold the yield of asphalt 
or tar to a minimum. One adaptation of the process 
is outlined in the accompanying flow diagram. 

The charge oil is pumped into the upper part of 
the extraction tower at the proper temperature, in 
this case approximately the temperature at which the 
charge is received from storage. Propane is fed into 
the tower at one or more points below the oil inlet, 
and at varying temperatures so as to give the proper 
temperature gradient across the tower. Additional 
heat to the top of the tower is supplied by steam- 
heated coils. 

In the tower the asphalt is precipitated from the 
oil-propane solution, and flows by gravity to the 
bottom of the tower, whence it goes through a heater 
to the asphalt-recovery system. The asphalt phase 
moderate amount of which is 


contains a propane 


recovered by flashing the heated asphalt-propane 
mixture in the asphalt-flash drum and by stripping it 
with steam in the asphalt stripper. The propane-free 
asphalt then is pumped through a cooler to storage. 








If the asphalt produced is to be used as fuel and is 
particularly heavy, it is advisable to provide means 


for blending it with a light fuel oil or gasoil in order 
to reduce its viscosity and melting point and to avoid 


“freezing” in lines. 

The deasphalted oil together with the bulk of the 
propane flows from the top of the extraction tower to 
the deasphalted-oil-mix evaporator. Because of the 
quantity of material to be handled in this particular 
installation the mixture is heated in vertical-tube 
exchangers and flashed to a special evaporator drum 
containing a bottom section which is also steam 
heated. In other installations reboiler-type evapora- 
tors may be used. From the evaporator the de- 
asphalted oil goes to the deasphalted-oil stripper, 
where the last traces of propane are removed by 
stripping with steam. From the stripper the de- 
asphalted oil is pumped through a cooler to storage. 

The propane-steam vapors from the two strippers 
are sent to a spray condenser in which the water is 
removed. The propane vapors are compressed and 
combined with the dry propane from the deasphalted- 
oil-mix evaporator and the asphalt-mix flash drum, 
condensed, properly cooled and sent to the propane 
accumulator, 
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Deasphalting Process 





THE M. W. KELLOGG COMPANY 


des propane deasphalting process is a liquid-to- 
liquid extraction process employing propane as a 
solvent for the purpose of separating asphalt, color 
bodies, and other undesirable constituents from re- 
duced crudes, and for fractionating the clean oil thus 
produced into portions having different viscosities 
which may be subsequently further refined to finished 
lubricating oils. 

The early propane deasphalting plants were of the 
so-called stage type, in which the reduced crude was 
contacted with propane in only one or two stages 
without appreciable counter-current action. These 
earlier stage-type plants made possible the separation 
of a considerable amount of hard asphalt from re- 
duced crude but did not permit the production of 
deasphalted oils having light colors and low carbon 
residues suitable for subsequent refining with single 
selective solvents. Deasphalting plants installed in 
recent years have all been of an improved type with 
the older stage-settlers replaced by a vertical baffled 
tower, By employing a countercurrent flow of oil and 
propane within the tower and by properly controlling 
the temperature of the solution in the different por- 
tions of the tower, reduced crude is accurately frac- 
tionated in a series of stages into clean, light-colored 
deasphalted oil and high-melting point, relatively oil- 
free asphalt. It is probable that all future propane de- 
asphalting plants will be of the tower type and it 
now appears that this process will come into general 
use as the primary step in manufacturing high- 
viscosity lubricating oils from reduced crudes. 

The ability of the process to produce oil of excel- 
lent color and low carbon residue is completely inde- 
pendent of the asphalt content of the reduced crude. 
This fact, coupled with a low operating cost, makes 
it possible to produce lubricating oils commercially 
by this process from reduced crudes which have pre- 
viously been considered unsuited for the purpose. 
Reduced crudes containing as much as 50 percent 
asphalt are presently being handled by this process 
and light-colored, low-carbon residue deasphalted 
oils are being produced therefrom. 

Although the propane deasphalting process has 
been employed to date primarily for the purpose of 
separating reduced crude into asphalt and a de- 
asphalted oil fraction, the process is also employed 
for the fractionation of the deasphalted oil into two 
or more portions. By a simple variation of operating 
conditions, the highly viscous oil portions of reduced 
crudes may be separated into as many different frac- 
tions as is desired and each fraction subsequently 
utilized for the purpose for which it is best suited. 
Because all separations thus made with propane are 
carried out at relatively low temperatures, no crack- 
ing occurs and the fractions secured are free from 
thermal decomposition products. 

A simplified flow diagram of the propane de- 
asphalting process is shown on the opposite page. 
Reduced crude is pumped from storage through a 
steam heater into the upper portion of the deasphalt- 
ing tower. Propane is pumped from the propane- 
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storage tank into the lower portion of the deasphalt- 
ing tower from where it flows upward counter- 
currently to the descending asphalt phase. De- 
asphalted oil is withdrawn overhead and flows to a 
low-pressure steam propane evaporator, where a 
large amount of propane is flashed overhead through 
a condenser into the propane-storage tank. The de- 
asphalted oil-propane solution flows from the low- 
pressure-steam propane evaporator to the high- 
pressure-steam propane evaporator where the ma- 
jority of the remaining propane is flashed off, joining 
the stream from the low-pressure-steam propane 
evaporator. The oil flows from the high-pressure- 
steam evaporator into a steam stripper, where the 
remaining propane is removed. Deasphalted oil is 
withdrawn from the bottom of the stripper and 
pumped to storage. 

The asphalt solution is withdrawn‘ from the bot- 
tom of the deasphalting tower and passes through 
a furnace and thence to a flash drum where the 
greater part of the propane is flashed overhead, join- 
ing the combined propane streams from the low- 
pressure- and high-pressure-steam propane evapora- 
tors. The asphalt with remaining small percentage of 
propane is withdrawn from the bottom of the flash 
drum into a steam stripper, where the remaining 
propane is removed. The asphalt product is pumped 
from the bottom of the stripper to storage. 

The stripping steam and propane vapor from the 
asphalt and oil strippers passes to the jet condenser 
where the steam is condensed. The propane vapor 
goes to the compressor and thence to the propane 
condenser and storage tank. 


Typical Yields—Tower Propane Deasphalting 


























Van East Hea’ 
| Zandt /|California) Texas Mid 
Reduced Crude: 
°API Gravity... .... 12 8.6 152 | i122 
SSU Vis. at 210 °F ..| 1249 7685 513 1716 
Car. Res., Percent....... 13.9 12.1 | 10.9 15.2 
Flash, COC °F. ie | 585 600 | 575 | 630 
Fire, COC °F... 675 690 | 665 | 695 
te 890) ; 882} 892 
Deasphalted Oil: 
Vol. Percent Vield.. 58.8 32.8 63.9 54.0 
°API Gravity...... 21.7 21.4 23.6 | 22.3 
SSU Vis. at 210 °F.... 171.9 176.4 112.9 | 1508 
Color, NPA...... 6 | s— | 6 5— 
Car. Res., Percent 1.81 | 1.73 | 1.32 | 1.55 
Flash, COC °F. | 580 545 595 
Fire, COC °F...... 655 | 650 | | 655 
| ee 842) 845| 836 840 
| | 
Asphalt: | 
Vol. Percent Yield..........| 412 | 67.2 | 46.0 
Specific Gravity. . .| 1.0583 1.0445} 1.0583} 1. 
Melting Point, °F... | 164 | 162 | 16 178 


The M. W. Kellogg Company has been appointed 
licensing agent for the process for the United States 
and foreign countries. Licenses granted are under 
the patents and patent rights of Standard Oil Com 
pany (New Jersey), Union Oil Company ot Cali- 
fornia, Standard Oil Company (Indiana) and The 
M. W. Kellogg Company. 
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Propane Decarbonizing Process 





THE M. W. KELLOGG COMPANY 


ROPANE Decarbonizing is a continuous process 


for preparing low-carbon-forming ctalytic-cracking 


feed stock from reduced crude. It is the exact reverse 
of distillation in that the highest-boiling component 
is separated first. Instead of relying upon a difference 
in boiling points, Propane Decarbonizing effects the 
separation of asphalt by a difference in solubilities 
and at temperatures below 200° F. The asphalt sepa- 
ration is sharper than can be secured with vacuum 
distillation, and the fact that it is achieved at low 
temperature means that no thermal cracking occurs ; 
thus the decarbonized oil is truly a virgin stock. 

The process is distinguished by its high yields of 
clean catalytic-cracking stock; its ability to satisfac- 
torily handle heavy, high-asphalt crudes which most 
refiners reject because of processing difficulties ; and 
the fact that it concentrates any salt in the charging 
stock in the asphalt phase. 

The asphalt produced as a by-product is a premium 
material for use in making finished asphalts for road- 
building, roof-surfacing, etc. 

The propane lost in the process represents only 
about 0.1 percent of the propane circulated per day, 
and because of its low cost, is an unimportant factor 
in over-all operating cost. The total operating cost 
for decarbonizing catalytic-cracking feed stocks 
varies from four to nine cents per barrel of reduced 
crude, depending on the size of the unit and the cost 
of utilities. 

A Propane Decarbonizing unit consists of a stor- 
age tank for liquid propane, charging equipment for 
propane and reduced crude, a countercurrent tower in 
which the actual asphalt separation is effected, and 
equipment for recovering propane. 

The reduced crude is charged somewhat above 
the mid-point of the tower and the propane at the 
bottom of the tower. The majority of the asphalt is 
precipitated in the vicinity of the feed point. Since 
it is the heavier phase it flows over suitable baffles 
to the bottom of the tower. As the asphalt phase 
descends it is stripped of oil by upcoming propane 
with the result that only a high-melting-point, rela- 
tively oil-free, asphalt-propane solution reaches the 
base of the tower. This asphalt phase is continuously 
withdrawn, under flow control, from the bottom of 
the tower and proceeds to propane-recovery equip- 
ment. The oil-propane solution is further stripped of 
asphalt above the oil-feed point and passes from the 
top of the tower to its propane-recovery system. 


Temperatures in the Decarbonizing Tower vary 
from about 120° F. to 180° F., depending on the 
character of the reduced crude. The heavier the re- 
duced crude the lower the temperature at which a 
satisfactory separation is secured. The propane- 
storage tank usually is carried at a temperature cor- 
responding to that required at the base of the tower 
so as to minimize the consumption of utilities. 

The ratio of propane to oil by volume normally 
varies from a low of about three volumes of propane 
to one of oil, to a high of five volumes of propane 
to one of oil. The lower ratios usually are suitable for 
heavy reduced crudes containing a high percentage 
of asphalt, whereas the lighter reduced crudes con- 
taining a smaller quantity of asphalt require a higher 
propane ratio. 

The majority of the propane in both the decarbon- 
ized oil and asphalt phases is recovered under high 
pressure and sent directly to the propane condestay 
without any compression being required. The small 
amount of propane recovered in the final: strippers 
by the use of open steam is first sent to a jet con- 
denser where the steam is condensed, and the pro- 
pane is then compressed to condenser pressure, 

Typical operating results are found in the follow- 
ing table. 

vable of bane tei Resulte—Prepane earemmaten: 


























| West Eastern | Missis- South 
REDUCED CRUDE | Texas (Venezuela! _ sippi American 
Vol Percent of Crude pao 20.0 | 27.6 | 57.0 61.0 
API Gravity Sedans 9.1 | 17.0 21.3 8.6 
SSU Vis. at 210 °F...... 195 78.5 482* 
Carbon Residue, Percent ‘ 18.7 6.7 79 | tana 
Flash Point COC °F. : 645 | 430 275 — 
Fire Point COC °F. ol 730 525 345 
Decarbonized Oil: | | j 
Vol. Percent of Crude... . 8.1 22.8 49.7 | 30.0 
Vol. Percent of Red. Crude 40.5 82.5 87.2 49.2 
API Gravity........ 20.4 20.6 26.0 17.5 
SSU Vis. at 210 °F. ‘ 305 99.1 49.4 224 
Carbon Residue, Percent. . , 3.4 2.2 1.2 F 2.6 
Flash Point COC °F. / 625 445 500 
i i, Ott of, Are 710 ae 2 weenaes oto 
Asphalt: 
Vol. Percent of Crude....... 11.9 4.8 7.3 31.0 
Vol. Percent of Red. Crude. 59.5 17.5 12.8 50.8 
Specific Gravity............ 1.06 1.05 1.04 1.07 
Melting Point, °F........... 160 | 156 184 187 

















* Saybolt Furol Viscosity 


The M. W..Kellogg Company has been appointed 
licensing agent for the process for the United States 
and foreign countries. Licenses granted are under 
the patents and patent rights of Standard Oil Com- 
pany (New Jersey), Union Oil Company o f Cali- 
fornia, Standard Oil Company (Indiana) and | The 
M. W. Kellogg Company. 
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Propane Dewaxing Process 





THE M. W. KELLOGG COMPANY 


Se dewaxing is a well-known lubricating- 
oil process for separating wax from crude oil. The 
solvent, propane, is the only extraneous material used 
in the process since it serves both as a refrigerant 
and as a solvent for the oil. 

Economic features of the process are its low oper- 
ating cost and wide adaptability to any type of 
lubricating stock. High yields of dewaxed oil of zero 
pour test or lower and wax of low oil content are 
obtained. 

Eight plants now operating or being built in this 
country have a yearly capacity of approximately 
7,500,000 barrels of charging stock. 

Oil and propane are charged continuously under 
flow control, warmed to dissolve all of the wax, and 
sent to a chilling vessel in which reduction of tem- 
perature to approximately 10° F. is effected by 
allowing propane to vaporize directly from the solu- 
tion. 

Wax crystallizes out at this low temperature and 
is separated from the oil on a continuous rotary pres- 
sure filter of most modern design. 

The filter cake is washed with cold liquid propane 
to remove oil adhering to the wax crystals and then 
transferred by means of a screw conveyor and wax 
pump to propane-recovery equipment. 

The 
recovery unit. 
are pumped from the strippers to storage tanks. 


dewaxed filtrate also is sent to a propane- 


soth end products—dewaxed oil and 
wax 
The low cost of propane, its double-duty as a sol- 


to 
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vent and refrigerant, and its ease of recovery are 
features of the process which make for high effi- 
ciency. 

Propane dewaxing often is employed in combina- 
tion with propane deasphalting and acid treatment in 
propane solution. The following table gives pertinent 
data on propane dewaxing of four lubricating stocks: 


Propane Dewaxing Process 





Propane Propane Propane 
Deasph.- (Phenol Treated Deasph. |  Deasph. 
Phenol Treated) East Texas Phenol Treated) Phenol Treated 
15% East Texas) Heavy | West Edmonds | Oklahoma City 
Reduced Crude Distillate SAE 70 Stock | SAE 40 Stock 
Propane, Volume Percent. | 300 250 300 300 
Filtering Temperature, °F.) 34 35 40 41 
Dewaxed Oil, Vol. Percent 61.6 67.7 85.5 81.1 
Inspections Waxy Oil— 

API Gravity 29.7 32.0 27.4 30.1 
SSU Vis. at 210 °F. 93.1 57.3 132 72.7 
Color—NPA 41, — 2 3— 2 
Carbon Residue, Percent 0.20 0.25 0.06 
V.G.C. 795 .790 .803 797 

Dewaxed Oil: 

API Gravity 27.6 28.9 26.7 28,7 
SSU Vis. at 210 °F. 118.4 66.2 150.0 79.6 
Color—NPA 46 2 3% 2 
Pour Point, °F. 0 0 0 5 
Carbon Residue, Percent 0.26 0.03 0.30 05 
Visecsity Index 95 92.1 91.1 92.1 
V.G.C. 804 808 807 804 


The M. W. Kellogg Company has been appointed 
licensing agent for the process for the United States 
and foreign countries. Licenses granted are under 
the patents and patent rights of Standard Oil Com- 
pany (New Jersey), Union Oil Company of Califor- 
nia, Standard Oil Company (Indiana) and The M. W. 


Kellogg Company. 
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Propane Recovery Process 





JONES & LAUGHLIN SUPPLY COMPANY 


P. EWAR absorption plants usually were designed 
to extract from 80 percent to 97 percent of butanes, 
the exact recovery sought being dependent upon the 
economics of the plant. Propane recovery was of sec- 
ondary importance, and such propane as was recov- 
ered incidental to the selected butane recovery was 
marketed as such or as a component of LPG. 

Since the war, the demand for both propane and 
LPG has, in many cases, caused propane to replace 
butane as the key component in the economics of 
plant design. The flow diagrams on the opposite page 
represent modern versions of two types of plants, 
the upper for use where butane is the key component, 
the lower where propane has become the key com- 
ponent. Both plants are flexible so that operation 
may be varied with market conditions to produce 
optimum plant returns. Stabilizer sections are omitted 
from both flow diagrams. 

The “Moderate Propane Recovery” plant usually 
will recover about 30 percent of the propane, al- 
though, in the case of rich gases with a high content 
of heavy components, the propane recovery, may go 
higher. The limiting factor is the still pressure, which 
must be kept low enough to permit stripping at the 
available hot-oil temperature without using uneco- 
nomical stripping steam quantities. The use of a di- 
rect-fired oil preheater as shown permits higher still 
pressures and, consequently, higher propane recovery. 

Between the absorber and the still, a fat-oil sta- 
bilizer (or fat-oil deethanizer) is shown. Heat from 
normal oil-to-oil exchange is applied to the feed 
entering this unit and, consequently, better heat econ- 
omy is secured than when exchange is applied only 
to the stream leaving the bottom of the fat-oil sta- 
bilizer. By controlling preheat of the lower charge 
stream and regulating cold oil quantities to the top 
and middle sections, substantially all the methane 
and 60 to 80 percent of the ethane can be removed 
from the fat-oil. This is accomplished without exces- 
sive losses of propane and heavier. Fat-oil stabiliza- 
tion reduces the quantity of recycle vapors from the 
still and stabilizers with resultant savings in equip- 
ment size and cost, while at the same time overall 
propane recovery is increased. 

Recycle vapors that do arise are returned under 
their existing pressures to the bottom section of the 
fat-oil stabilizer and, being relatively rich in propane, 
they further aid in fractionating the methane and 
ethane from the fat-oil. In connection with this sys- 
tem, absorber pressure is assumed to be in the order 
of 200 pounds or higher. 
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The “High Propane Recovery” plant, indicated by 
the lower flow diagram, is satisfactory for propane 
recoveries in the order of 50 to 60 percent and may be 
used to retain recoveries as high as 80 percent when 
the charge gas is relatively rich in propane and heay- 
ier hydrocarbons. Distinguishing features of this sys- 
tem are the high- and low-pressure stills and the re- 
absorber, where the cold fat-oil serves as a large 
portion of the absorption medium required for the 
reabsorption of the heavier constituents of the rela- 
tively high quantities cf recycle gases. The primary 
still is operated at about 225 pounds pressure in order 
to condense a high proportion of propane in the sta- 
bilizer-charge liquid. Since satisfactory stripping is 
impractical at this pressure, the primary still bottoms 
are fed to the secondary still, which is operated total 
condensing at 50 to 75 pounds pressure with the net 
overhead product;béing pumped to an intermediate 
point in the primary still condenser. The addition of 
this secondary still product aids in holding the maxi- 
mum amount of propane in the liquid state. Lean-oil 
to the reabsorber is adjusted to secure high retention 
of propane. Absorber pressures of 350 pounds, or 
higher, are assumed. 

While not indicated on the flow diagram, it may be 
desirable in some cases to apply a small amount of 
heat to the base of the reabsorber to assist in the 
fractionation between ethane and propane and keep 
down the recycle gas quantities. The secondary still 
preheater which is dotted in on the flow diagram, 
may or may not be necessary, depending upon the 
effluent primary still bottoms temperature and the 
quantities of heavier gasoline components present in 
this previously stripped oil. 

This more complicated “High Propane Recovery” 
plant is inherently more expensive than the first 
plant, but, to obtain the high pressure needed at the 
final condensing point, it is necessary to use either 
the two-still set-up or the equivalent of the primary 
still in recompressors, Still another possible scheme 
for high propane recovery is the use of refrigeration 
of still and deethanizer overheads. Individual plant 
economics will dictate the choice of method for ob- 
taining high propane retention, but the two-still at 
rangement has been chosen as being the most widely 
applicable and the simplest in operation. First cost 
of the different methods just mentioned will not vaty 
greatly. 

Both the flow diagram opposite and this descrip- 
tion were provided by Jones & Laughlin Supply Com 
pany, Tulsa, Oklahoma. 
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Selective Thermal Cracking Processes 





THE LUMMUS COMPANY 


Now that more than a million barrels of per 
stream day capacity of catalytic-cracking units are 
drawing upon gasoils, which formerly were charged 
to thermal processes, the selective thermal cracking 
of heavy crude residues and refractory catalytic gas- 
oils is becoming more and more important. While the 
solution in most plants involves adaptation of exist- 
ing units to the new requirements, rather than the 
installation of new facilities, there still remain situa- 
tions in which it is desirable to install new thermal- 
cracking facilities. 

Selection of proper equipment often is difficult be- 
cause of the availability of many types of units, as 
well as because of special conditions and the specific 
problems involved. The important factors which de- 
termine the performance and economic value of a 
projected thermal cracking plant may be summarized 
as: 

Product yield and quality, initial investment, serv- 
ice factor, fuel and power economy, flexibility, main- 
tenance and turnaround cost, time required for con- 
struction and time lapse between initial starting-up 
and acceptance. 

A comparison on the basis of the above significant 
factors will indicate that Lummus units embody the 
best proven principles of the art aplied in the way 
best suited for the specific conditions of the refiner. 
The units are designed and erected under existing 
license agreements but they incorporate novel fea- 
tures and refinements of design which assure superior 
performance. 

The yield efficiency and product quality to be ex- 
pected from these cracking plants can be substan- 
tiated by commercial acceptance tests. Lummus com- 
bination cracking units are designed for the optimum 
segregation of furnace charge stocks and their inde- 
pendent selective cracking under the most suitable 
conditions. In some units stocks are segregated for 
selective cracking not only according to boiling range 
but also according to source or refractivity. 

In order to crack selected charging stocks under 
optimum conditions it is necessary that the heaters 
be accurately designed to maintain optimum condi- 
tions of temperatures, shape of heating curve,-crack- 
ing time and rate of heat transfer through the fur- 
nace. In the ordinary cracking units these limitations 
preclude flexibility as to charging stocks and product 
specifications. Lummus units meet the conditions of 
both flexibility and efficient selective cracking with 
carefully planned fractionation and recovery systems 
and by novel cracking-heater design. In Lummus fur- 
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naces the preheating and soaking sections are inde- 
pendently-fired chambers. This allows the operator 
a wide range of variation in cracking conditions with- 
out change in equipment and without sacrificing con- 
stancy of control for any given condition. This fea- 
ture, combined with the unique method of handling 
combustion gases in the heating chamber makes 
Lummus cracking heaters outstanding in the field. 

The design of the fractionating equipment of Lum- 
mus combination units reflects experience of over 40 
years in the distillation field. Most combination crack- 
ing units have an excess of recoverable heat within 
certain temperature ranges. This heat has been uti- 
lized by generating high-pressure steam. For exam- 
ple, one unit generates 280,000 pounds per day of 
125-pound steam. The total steam consumed by this 
unit is only 373,000 pounds per day. Furnace-charge 
pumps in this case were driven by gas engines. 

Symmetry of equipment arrangement and refine- 
ments in layout pay dividends in operating conveni- 
ence and rapid, inexpensive turnarounds. These fea- 
tures can best be appreciated by a visit to one of the 
units in operation. 

In the specialized field of reduced-crude process- 
ing, The Lummus Company offers several processes 
from which a selection may be made depending upon 
the refinery situation and marketing requirements. 
These processes are in general employed to increase 
gasoline production and reduce residual fuel oil pro- 
duction ; they may be applied to furnish a gasoil feed 
for a combination or catalytic-cracking unit. Among 
the processes available for this purpose are Vacuum 
Reduction, Propane Deasphalting, Coking, and Vis- 
cosity Breaking. At the moment the urgency for re- 
ducing residual fuel oil productions is not great, as it 
was prior to the war because of the relatively large 
present demand for fuel oil and the general trend to- 
wards lower production resulting from the operation 
of extensive catalytic cracking capacity. 

Lummus Viscosity-breaking units (see flow sheet 
opposite) employ a number of novel features depend- 
ing upon the requirements of the situation including 
two-coil cracking, vacuum reduction of the residue 
followed by cut-back with light cycle stock for the 
purpose of minimizing pour and viscosity, and flexi- 
bility in design which enables these units to process 
a wide variety of stocks efficiently. 

Extensive thermal cracking facilities are now being 
built in one large plant by The Lummus Company, 
420 Lexington Avenue, New York, which pr vided 
this discussion of the subject as well as the flow 
diagrams on the page opposite. 
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Sharples Acid Treating Process 





THE SHARPLES CORPORATION 


Bick Sharples Centrifugal Acid Treating Process 
developed by The Sharples Corporation, 2370 West- 
moreland Street, Philadelphia, is used in treatment of 
cylinder stocks, long residuums and paraffinic and 
naphthenic lube distillates, non-viscous oils and light 
oils, such as kerosene and cracked distillate. 

In this process the raw stock and acid are con- 
tinuously measured in the required proportion and 
violently agitated by mechanical means to cause 
reaction; the resulting mixture is then centrifugally 
separated continuously, delivering sludge-free sour 
oil and oil-free sludge. 

Important features of this process are: Thorough 
and rapid mixing of acid and oil; contact between oil 
and acid controllable as to time and temperature, 
which can only be accomplished by continuous opera- 
tion; and high yield of oil made possible only by the 
use of centrifugal separation. 

The specially designed proportionometer used for 
measuring the acid in required proportion to the oil 
consists of an oil meter interconnected with a com- 
bined acid pump and meter. The oil meter is a posi- 
tive displacement device of the piston type which 
gives accurate measurement of the oil entering the 
system over a wide range of rates of flow, tempera- 
tures or viscosities of the oil treated. 

The acid is pumped and measured into the system 
by a specially designed, double-acting, outside-packed 
piston pump. 

The proportionometer will give an accurate pro- 
portional measurement of acid to oil over all rates 
from no flow to the maximum capacity of the com- 
ap equipment. When there is no oil flow, the acid 
flow is shut off entirely. 

The acid and oil flow separately to a multistage 
mechanical mixer which provides efficient agitation 
and proper contact time between the acid and oil, so 
that the mixture leaves in a completely reacted state 
suitable for separation. 

The mixer is equipped with ball bearings mounted 
independently of the mixing chamber, thus prevent- 
ing contact with acid or sludge. It is driven by direct 
connected electric motor. The mixing chamber may 
be opened for examination and cleaning without 
removal of the mechanism used in agitation. A new 
improvement in the mixer consists of tubular finned 
heating or cooling elements which may be readily 
removed for cleaning or replacement. 

The Sharples D-4 Centrifugal has been improved 
to meet the varied requirements of refinery acid treat- 
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ing and provides exceptionally high separating 
capacities. Complete oil-sludge separations are ob- 
tained at charging rates varying, with charge stock 
viscosity, from 400 bbls. daily in the treatment of 
cylinder stocks and 800-1000 bbls. daily neutrals, to 
4000 bbls. daily of cracked distillate. For the oleum 
treatment of white oil stocks and insecticide bases, 
the Centrifugals are of special design and materials 
of construction adapted to withstand the corrosive 
action of oleum. 

Proportionometers and mixers of snecially resistant 
metals have also been developed for use in treating 
with oleum, and are suitable for metering and han- 
dling sour oil in multiple treats. 

The flow chart on the opposite page shows a typical 
Sharples installation for the acid treatment of distil- 
late lube stocks at an average rate of 800 bbls. daily 
provided with the D-4 Centrifugal for sludge sepa- 
ration. 

The operation of the process is as follows: Raw 
oil is picked up from storage by the feed pump and 
passed continuously through the heater to the pro- 
portionometer where its measurement actuates the 
pumping of the required acid dosage from the acid 
tank. From the proportionometer, oil and acid flow 
in separate streams to the mixer where they are 
intimately mixed and the treating reaction occurs. 
From the mixer the completely reacted mixture 
passes to the Centrifugal where the oil and sludge 
are separated and flow separately by gravity to the 
sour oil and sludge tanks. 

By the use of the Sharples Centrifugal Acid Treat- 
ing Process the following advantages over the con- 
ventional gravity treating can be obtained. 

Loss of oil to sludge is reduced by as much as 
25-40 percent. 

Freedom from sludge in the sour oil facilitates 
neutralization whether by caustic washing or contact 
filtration. The tendency toward formation of stable 
oil-caustic emulsions is reduced and contact filtering 
rates are materially increased. 

Com :!ete freedom from atmospheric contamination 
by sulfur cioxide, acid fog and hydrocarbon vapors in 
cracked distillate treating, is assured. 

In the treatment of non-viscous oils, the low acidity 
of centrifugally separated oils is responsible for a re- 
duction in neutralization reagent cost of 40-60 per- 
cent. 

Oils which have been solvent extracted for V-I. 
improvement may be acid treated for asphalt removal 
and clay saving “in viscosity” when centrifugal sepa- 
ration of sludge is used. 
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Sharples Bari-Sol Dewaxing Process 





THE SHARPLES CORPORATION 


‘ Sharples Bari-Sol Process of centrifugal de- 
waxing has been so named for the reason that it 
makes use of solvents which are heavier than either 
the oil to be treated or the wax to be separated there- 
from. 

A solvent which is sufficiently heavy to cause the 
wax to be lighter than the oil solution allows the wax 
to be withdrawn from the center of the centrifugal 
rotor by mechanical means as an alternative to the 
use of naphtha as a solvent which throws the wax to 
the outer surface of the rotor where a carrier liquid is 
used to control the continuous discharge of the wax. 
In consequence, a centrifugal operation employing a 
heavy solvent permits the centrifugal dewaxing of 
lubricating oil stocks of any character irrespective of 
the crystallinity of the wax contained in the oil. 

The Bari-Sol process of centrifugal dewaxing has 
several advantages. Any lubricating stock may be 
successfully dewaxed. The stock may be dewaxed 
either in its raw residual state or after distillation, 
hydrogenation, or solvent extraction. It will handle 
paraffine distillates and not only produce there- 
from an oil of satisfactory cold test but a wax 
which will readily sweat. The pour test of the fin- 
ished oil closely approaches the temperature at 
which the oil is centrifuged. The dilute stock may be 
chilled at a rapid rate with a relatively large temper- 
ature differential between the oil and the chilling 
medium. The temperature rise of the wax-free oil 
solution through the centrifugals is low, which per- 
mits a maximum heat recovery and by which refrig- 
eration requirements are held to a minimum. The 
operation is carried on at atmospheric pressure. The 
recovery of oil by rerunning the wax with additional 
solvent with the return of recovered oil solution to 
the primary dewaxing operation results in a high 
yield of oil and a wax of low oil content with a sub- 
stantially lower installation and operating cost for 
refrigeration and solvent recovery than is the case in 
those processes using filters for wax separation, in 
which the wax washing solvent represents extra 
refrigeration and the recovered oil solution extra 
solvent recovery. 

The solvent employed is a mixture of ethylene 
dichloride and benzol, stable and non-corrosive, and 
there has recently been developed for the process a 
solvent mixture which is non-inflammable. 

The flow diagram on the opposite page shows the 
diluting, chilling and centrifugal separating steps of 
the Bari-Sol process. 

A description of the manner in which the process 
operates follows: Stock, solvent and recovered oil 
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dilution (from the rerun centrifugals) are blended 
in a homogeneous mixture in the heating and blend- 
ing tank, which is provided with suitable agitator 
and steam coils for heating, if necessary. The blend- 
ed stock and solvent dilution, in proportion of ap- 
proximately three parts of solvent to one of stock, 
is then charged in series first through the exchanger, 
chilling machines, countercurrent to the cold de- 
waxed oil dilution, and then through the direct am- 
monia expansion chilling machines to the primary 
centrifugals. 

The dilute dewaxed oil discharges from the pri- 
mary centrifugals to a run tank and is then trans- 
ferred to the solvent recovery unit at the plant capac- 
ity rate through the exchanger chilling machines 
countercurrent to the processing stock for the re 
covery of refrigeration. 

The waxy stream discharged from the p¥mary 
centrifugals flows to a run tank from which it is 
charged at the plant capacity rate to the rerun or 
secondary centrifugals. At the ends of the rundown 
header to the run tank cold solvent make-up is added 
in order to assist the flow of the waxy discharge to 
the run tank and to increase the solvent to waxy oil 
ratio. The run tank is provided with a slow-speed 
wide-sweep agitator to insure a uniform blend of the 
waxy discharges from the centrifugals and the make- 
up solvent. 

The recovered oil solution discharge from the re- 
run centrifugals flows to a run tank and from here 
is discharged to the blending tank. On the way to 
the blending tank the recovered oil solution is ex- 
changed with the solvent make-up of the rerun cen- 
trifugals through a shell and tube type exchanger for 
recovery of refrigeration. 

The wax solution discharged from the rerun cen- 
trifugals flows into a run tank and is then transferred 
to the solvent recovery unit ror the continuous recov- 
ery of solvent. 

Provisions are made so that dewaxed oil is fur- 
nished under pressure to the gland seal rings of the 
chilling machines and of pumps handling solvent or 
solvent dilution so that there will be no. loss of sol- 
vent in leakage from this source. 

The photograph insert on the opposite page shows 
a number of the centrifugals in the installation of the 
Bari-Sol process at the Ponca City, Oklahoma, refin- 
ery of the Continental Oil Company. , 

This description of the Sharples Bari-Sol Process 
and the flow chart on the opposite page are presented 
through the courtesy of The Sharples Corporation, 
Twenty-third and Westmoreland Streets, Philadel 
phia, Pennsylvania. 
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Sharples Naphtha Dewaxing Process 








THE SHARPLES CORPORATION 


‘ SHARPLES PROCESS of centrifugally de- 
waxing lubricating oils has been in commercial opera- 
tion for 26 years, during which time over 50 plants 
have been put into operation in this and several for- 
eign countries. 

This process is used for the separation of amor- 
phous waxes from residual and heavy overhead 
stocks. It has always been considered the simplest 
and most economical method of dewaxing. As a 
result of further research on the Sharples Process a 
new technique has been developed which further 
strengthens the economic claims of this method of 
dewaxing. 

The new development makes possible increased 
yields of dewaxed oil in existing plants and maximum 
yields of dewaxed oil in new installations. No special 
solvent is required other than the naphtha, present in 
any refinery,-and normally used in the Sharples 
Process. The new technique also lends itself readily 
to the production of high melting point waxes. In all 
cases the addition to an existing plant can be made 
with little or no interruption to present operation. 

The new technique involves the recentrifuging of 
the petrolatum from the normal dewaxing operation. 
It reduces the amount of naphtha used for primary 
separation so that the maximum requirements are two 
parts of naphtha to one of stock. The petrolatum 
produced as a result of the primary operation is then 
diluted with approximately half of the naphtha that 
is used in the primary operation, equivalent to a dilu- 
tion ratio of five or six parts of naphtha to one of the 
primary petrolatum, and recentrifuged for oil recov- 
ery. The recovered oil solution coming from the sec- 
ondary operation is then used as a dilution makeup 
for the primary operation. Thus the process permits 
the use of the minimum amount of dilution at the 
point where cold test and cloud are being made and 
the maximum amount of dilution at the point where 
the oil is being recovered from the petrolatum for in- 
creasing yield. Total naphtha needed for the dewax- 
ing operation is not increased but frequently is de- 
creased. 

In an existing plant where it is desired to add the 
secondary operation the present plant need not be 
disturbed except for the final “tie-in” of the secondary 
system unless it would be profitable at the same time 
to change the chilling system so that a maximum 
of refrigeration could be recovered by exchange. The 
incorporation of such savings in refrigeration mini- 
mizes the additional refrigeration requirements for 
the added secondary operation and often enough sav- 
ing of refrigeration can be effected to completely take 
care of the secondary operation. 

In a new plant the primary operation would con- 
sist of a small blend tank where the stock and naph- 
tha are blended in approximately a 1:1 dilution. This 
solution is pumped through a vertical exchanger chill- 
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ing tower where it is chilled by dewaxed oil solution 
to about 85° F. At this point the recovered oil dilution 
is added and the chilling in full dilution is continued 
further by exchange and finally by direct expansion 
ammonia to the required centrifuging temperature, 
From the chillers the cold solution is fed at constant 
pressure to the primary centrifuges where it is sepa- 
rated into dewaxed oil and primary pet. : 

The dewaxed oil on its way to the naphtha redue/ 
tion unit, is pumped continuously through the ex- 
changer system for maximum recovery of refrigera- 
tion. 

The oily pet should preferably be dehydrated by 
partial or complete removal of the naphtha in order 
to eliminate ice in the chilling system. If it is desired 
to separate high melting point wax this moisture re- 
moval step will be unnecessary in that the moisture 
will be removed in the high temperature centrifuging 
stage. The primary oily pet is blended with five or 
more volumes of naphtha, equivalent to approxi- 
mately one half of the primary dilution requirements. 
This blend is then rapidly chilled to the same tem- 
perature under which the primary centrifuging was 
carried out by pumping through large diameter 
double pipe scraped surface exchanger chillers and 
similar type direct expansion chillers. The cold solu- 
tion is then fed at constant pressure to the secondary 
centrifuges where it is separated into recovered oil 
and petrolatum. 






The recovered oil is passed continuously through 
the secondary exchanger chillers enroute to enter the 
primary chilling system as described previously. 

To add still further to the economy of the process 
a new Sharples D-4 centrifuge has been perfected 
which has four times the capacity of the centrifuge 
previously furnished for this service. This centrifuge 
can be utilized in primary or secondary service. 

In installations where conditions warrant it, the 
secondary system may be varied to produce high 
melting point waxes. The melting point of the wax 
depends entirely upon the nature of the stock and the 
temperature at which they are separated. Thus to 
provide for this step it would only be necessary to 
bleed out of the secondary chilling system at any de 
sired temperature, and centrifuge. The high melting 
point wax is recovered from the system and the re 
maining low melting point wax returned to the chill- 
ing system at the same point. from which it was 
originally removed for further chilling to the tem 
perature of the normal secondary operation for Tf 
covery of oil. 

This description of the Sharples Process and the 
flow chart on the opposite. page are presented through 
the courtesy of The Sharples Corporation, Twenty- 
third and Westmoreland streets, Philadelphia, Pent 
sylvania. 
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Shell Butane 


—— 


isomerization Process 





SHELL DEVELOPMENT COMPANY 


as greatly expanded alkylation capacity, brought 
about over the past five years by the unprecedented 
wartime demand for high-octane aviation gasoline, 
has been largely maintained in operation to meet 
peacetime upgrading of the octane number of motor 
fuels. This postwar production of alkylate requires a 
high consumption of isobutane, used in its manufac- 
ture, which in many refineries is greater than the 
amount normally available from natural gasoline and 
cracking operations. The Shell Butane Isomerization 
Process provides means for supplying this deficiency. 

Briefly, the process is one in which normal butane 
is converted, under the influence of a catalyst, to iso- 
butane. In many naturally occurring mixtures of 
butanes, or synthetically prepared cuts of butylenes 
and butanes, the proportion of normal butane is 
greater than that of isobutane. 

A typical analysis of a C, cut from reforming 
operations (i.e., the fraction c mtaining butanes and 
butylenes) is as follows: 

Percent 


by Weight 


Ns ak diee's cea « 20.0 
Normal butylenes ...... 27.0 
ON RE” ere S 
Normal bid@ane .......... aie a. ~ a 

100.0 


Such a mixture is not suitable as the sole charge 
stock for alkylation operations as it is deficient in 
isobutane. However, if normal butane, which usually 
is discarded from the operation, is taken as charge 
stock for an isomerization unit, the requisite quantity 
of isobutane will be formed for charging to an alkyla- 
tion unit. Some of the normal butane charged to the 
isomerization unit is unconverted and accompanies 
the isobutane. The unconverted normal butane is 
segregated in the fractionation section of the alkyla- 
tion plant and is once more charged to the isomeriza- 
tion unit, thus the normal butane is recycled through 
isomerization and alkylation plants until conversion 
is completed, eliminating or materially reducing the 
necessity for obtaining natural isobutane. 

The process consists of passing normal butane in 
vapor form, at a moderate temperature, through one 
or several reactors, each containing a granular bed of 
catalyst, a constituent of which is aluminum chloride. 
Dry hydrogen chloride gas is incorporated with the 
butane vapors to act as a catalyst promoter. The 
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construction of the reactors may provide for a single 
catalyst bed, or may be of a heat-exchanger type with 
the catalyst placed in tubes surrounded by circulating 
cooling liquid as shown on the accompanying dia- 
gram. 

The discharge from a single pass through the re- 
actors flows to a receiver through a cooler and a 
refrigerated condenser which condenses all the 
butanes, the hydrogen chloride going into solution, 
A small amount of uncondensable gas is vented from 
the receiver after being scrubbed with product recyele 
to recover hydrogen chloride, and the condensate is 
charged to an HCI stripping column, which effects 
substantially complete removal of recycle hydrogen 
chloride gas. 

The accompanying flow sheet shows the essential 
features of a typical isomerization plant. The hydro- 
carbon charge is picked up by the charging pump and 
passed through a drying step which extracts the last 
trace of moisture. The feed is completely vaporized 
and the flow is divided in the desired proportions to 
the reactors; each individual stream receives its cor- 
rect amount.of hydrogen chloride recycle gas. 

The vapors pass through the catalyst beds and 
exit streams combine before flowing through coolers 
and condensers. The condensate is run to a receiver 
from which it is pumped to the HCI stripping column. 
Butanes, substantially free of hydrogen chloride, flow 
from the base of the column, while vapors, consisting 
largely of hydrogen chloride, are recycled to the 
reactors. The last traces of hydrogen chloride in the 
isomerized product are removed by caustic scrubbing. 

No special materials are required for the construc- 
tion of the plant since dry hydrogen chloride, under 
the conditions prevailing in the process, is not corro- 


sive. Temperatures and pressures under which the 


plant operates are moderate, consequently the re- 
quired capital outlay is low. 

The catalyst has been developed specially for the 
purpose. It is rugged, cheaply produced, and has 
long life; these factors combined make its regenerfa- 
tion unnecessary. The catalyst is resistant to poisons, 
but it is necessary to reduce the proportion of olefins 
and pentanes in the charge stock to a low figure, 4 
both of these produce objectionable by-products and 
tend to shorten the life of the catalyst. 

The process is licensed by Shell Development Com- 
pany, New York. 
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Shell Catalytic Hydrogenation 





SHELL DEVELOPMENT COMPANY 


A SIMPLE and economical catalytic hydrogena- 
tion process has been developed by the Shell Com- 
panies and used successfully for several years for 
hydrogenation of octenes produced by polymeriza- 
tion of butylenes. The process operates at very mild 
conditions of temperature and pressure, effecting sub- 
stantially complete hydrogenation and producing 
fuels low in acid-heat number ideally suited for 
manufacture of high-octane aviation gasoline. 

Commercial application to date has been limited to 
direct ‘hydrogenation of an octene mixture prepared 
by the butylene polymerization process described in 
this volume under the title “Hot Acid Polymeriza- 
tion.” The product of these two processes is a satu- 
rated octane of 98 to 100 octane number. The hydro- 
genation process is by no means limited to treatment 
of the octene mixture described here. 

The mild conditions under which this process 
operates are made possible by the use of a nickel 
catalyst supported on porcelain. The unformed cata- 
lyst is a hydrated nickel nitrate impregnated in por- 
celain. The nitrate is decomposed to nickel oxide 
and then reduced to metallic nickel by a stream of 
hydrogen. After formation the catalyst is maintained 
in an atmosphere of hydrogen when not in use. 
Oxygen and carbon monoxide cause temporary loss 
of activity which can be restored by regeneration in 
place. Sulfur compounds cause permanent poisoning ; 
thus, the sulfur content of the octene feed must be 
held to a minimum by proper treatment of the buty- 
lenes before polymerization. Spent catalyst can be 
used for an additional pre-treatment of the octenes 
to prevent premature catalyst poisoning. A catalyst 
life of 1000 gallons of finished iso-octane per pound 
of nickel is common. 

Hydrogen for plant operation should be free from 
sulfur ; treatment before use may be necessary. Con- 
venient sources of hydrogen are the pyrolysis of nat- 
ural gas and dissociation of ammonia. A cheap 
process for production of hydrogen, free of impuri- 
ties which poison nickel catalysts, has been devel- 
oped and used for some time by the Shell Chemical 
Company. This gas contains only small amounts of 
methane and nitrogen as impurities, both of which 
are inert and not objectionable in these concentra- 
tions. 

When the activity of the catalyst decreases to a 
certain point, it is reactivated in place. Although 
initial activity is not restored, two to four reacti- 
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vations lengthen catalyst life by 150 percent. Activity 
declines slowly after each reactivation, and, ult- 
mately, the catalyst must be removed from the con- 
verters and regenerated. 

Figures 1, 2, and 3 on the page opposite indicate 
the type of equipment used. To facilitate removal of 
the heat of reaction the catalyst is packed in vertical 
tubes arranged in bundles similar to tube and shell 
heat exchangers. A circulating fluid occupies the 
space around the tubes automatically maintaining 
the reaction temperature. For catalyst formation and 
reactivation, which take place at higher tempera- 
tures, a separate, hot-fluid, circulating system includ- 
ing a furnace is used. When several converters are 
in use it is possible to hydrogenate in some chambers 
while other catalyst beds are being used as guard 
chambers and still others are being formed or 
regenerated. 

The hydrogen heater and octene vaporizer are 
heated by a hot fluid. Heat exchange is available 
even in the single stage system. 

Deterioration of equipment by corrosion is negli- 
gible. Because of low temperature and pressure no 
special alloys or other materials are required. 

Operation and control of hydrogenation plants are 
simple. The primary control point is the degree of 
unsaturation of the finished product as determined 
by titration with a weak brominating agent. 

Use of catalyst guard tubes is advantageous for 
sulfur removal and catalyst conservation. Ordinarily 
the guard catalysts are not effective in promoting 
hydrogenation themselves. All the hydrogen feed 
may be fed into the octene vapors prior to passing 
through the guard tubes, but this large amount of 
hydrogen is not necessary for effective sulfur remov- 
al. Therefore, the major portion of the hydrogen feed 
may be introduced following the guard tube, thereby 
increasing the contact time of the octenes in the 
guard tube chamber. Roughly one volume of guard 
catalyst is sufficient for two volumes of active 
catalyst. Some plants contain a separate catalyst 
tube for the hydrogen feed to convert traces of caf- 
bon monoxide to methane and to preclude formation 
of nickel carbonyl on cold spots in the catalyst bed. 
This is seldom necessary. 

The presence of water is not injurious to the 
catalyst; steam is usually used to purge the system 
of either air or hydrogen. 

This process has been developed by Shell Develop- 
ment Company, New York. ° 
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Shell Liquid-Phase 
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Isomerization Process 





SHELL DEVELOPMENT COMPANY 


Sue Shell Liquid-Phase Isomerization Process is 
an entirely continuous regenerative process adaptable 
to the isomerization of either butane or pentane and 
commercial plants have proven completely satisfac- 
tory with both feeds. Some special merits of the 
process are: a constant high conversion for either 
hydrocarbon per pass coupled with a very low cata- 
lyst consumption, high ultimate yields of the desired 
isoparaffins, constant operating conditions, con- 
tinuous catalyst make-up with continuous spent.cata- 
lyst rejection, a high tolerance for feed impurities, 
and employment of standard fabricating methods for 
plant construction. 

The 
n-butane or 
catalyst comprising a solution of aluminum chloride 


process, in brief, consists of contacting 


n-pentane in the liquid state with a 


in molten antimony trichloride. Dry hydrogen chlo- 
ride gas is introduced into the feed hydrocarbon as 
catalyst promoter. In addition, when the process is 
utilized for pentane isomerization, hydrogen is intro- 
duced along with the hydrogen chloride to suppress 
disproportionation reactions which, if not controlled, 
would result in a low ultimate yield of isopentane 
and high catalyst consumption. The same plant can 
be employed for processing either of the aforemen- 
tioned hydrocarbons by including a compressor to 
recycle the hydrogen required in the case of pentane 
isomerization. However, if a source of hydrogen at 
the desired pressure is available, such that it can be 
used on a once-through basis, even the compressor 
can be eliminated. 

The simplified diagram on the opposite page shows 
the essential pieces of equipment and indicates the 
flow of the catalyst, hydrocarbon, activator and dis- 
proportionation inhibitor streams. 

The normal liquid paraffin (butane or pentane) is 
charged continuously at essentially atmospheric tem- 
perature through one of two feed dryers, which are 
used alternately and renenerated periodically, through 
a heater where the temperature is raised to about 
180° F., thence through a packed catalyst scrubber 
column and into the contactor. A liquid-liquid extrac- 
tion of a small side-stream of the contactor catalyst 
with the feed takes place in the scrubber. The valu- 
able active catalyst components pass back to the 
contactor in solution while the fluid inactive AICI, 
hydrocarbon complex, which forms as a consequence 
of the small amount of side reactions, runs to the 
bottom of the column and is periodically drained off. 
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The contactor is a vertical autoclave equipped with 
a mixing device to provide intimate contacting of 
catalyst and hydrocarbon. A relatively short resi 
dence time, of the order of 10-15 minutes, in the con- 
tactor is sufficient to achieve a high conversion; 50 
percent or better for butane and 55-60 percent for 
pentane. After phase separation of isomerizate from 
catalyst in the baffled upper settling section of the 
contactor, the isomerizate flows to the catalyst- 
removal column for separation of the dissolved cata- 
lyst by a simple fractionation. This recovered catalyst 
is pumped back to the contactor while the isomerizate 
is taken overhead, cooled, and passed to the accumu 
lator from which it is pumped to the HCl stripper 
where the acid gas is removed and recycled to the 
contactor. The stripper bottoms are essentially free 
of HCl and after a caustic wash pass to subsequent 
operations, 

In pentane isomerization the bulk of the hydrogen 
is recycled from the vapor phase of the catalyst 
column accumulator, however, some passes in solu- 
tion to the HCI stripper and is recycled with the HCL 

The small amount of uncondensable gas that is 
formed is vented from the vapor phase of the catalyst 
column accumulator through a scrubber, counter- 
current to a stream of HCl stripper bottoms which 
reabsorb HCl and reduce its loss to a minimum. 

The constant high conversion, inherent to the 
process, is achieved by the continuous removal of 
spent AIC], complex and regeneration of the con- 
tactor catalyst with fresh aluminum chloride. To 
accomplish the AlCl, addition a small portion of the 
bottoms from the catalyst removal column, which 
contain only a small amount of AICl,, is pumped 
through one of two AICI, saturator vessels, filled 
with lump AICl,, before it is returned to the con- 
tactor. Since the AICI, consumption in the process 1s 
quite low, this procedure serves to maintain the re 
quired concentration. 

Since the catalyst is solid at atmospheric tempera- 
tures, lines carrying it are heat traced. Above its 
melting point, 165° F., the catalyst is quite fluid and 
easily transferred by pumping. All major pieces of 
equipment are of steel except those handling the 
catalyst which ‘are nickel-clad. The temperatures of 
operation in the various units are moderate while 
the highest pressure necessary (HCI stripper) is 
around 325 psig. 

This process is licensed by Shell Development 
Company, New York. . 
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Shell Phosphate Process 





SHELL DEVELOPMENT COMPANY 


‘tax Shell Phosphate Process is a regenerative 
liquid purification system for the removal and re- 
covery of hydrogen sulfide from gaseous and liquid 
hydrocarbons. The process consists essentially of 
two steps: absorption or scrubbing with a solution of 
tripotassium phosphate and regeneration of the spent 
solution. The principal absorption reaction is ex- 
pressed 
H.S + K;PO, ~ KHS + K:HPO, 

Regeneration reverses this reaction. 

The hydrogen sulfide recovered is essentially free 
of hydrocarbons and is an ideal raw material for the 
manufacture of sulphuric acid or elemental sulphur. 

The inexpensive solution used ordinarily is pre- 
pared at the plant from commercial grades of potas- 
sium hydroxide and phosphoric acid in such propor- 
tion that the molal ratio of KOH to H,PO, is be- 
tween 2.95 and 3.00 to 1. The optimum concentration 
of K,PO, depends upon the amount and nature of 
impurities in the hydrocarbon processed. Since 
K,PO, is a stable inorganic salt, which does not 
decompose nor vaporize under treating conditions, 
solution loss is negligible, being confined to leakage 
at packing glands of pumps, etc. Such leakage can be 
collected and returned to the system. K,PO, does not 
contaminate nor polymerize the hydrocarbon. 

Iron and steel are satisfactory for all equipment. 
In case of corrosive cooling-water, Admiralty-metal 


tubes and Muntz-metal sheets and baffles may be 
used for condenser and solution cooler. Gauges, im 
struments, valves and pumps should be all iron and 
steel. Monel or stainless-steel trim can be used, 
Observance of these general specifications will insure 
freedom from corrosion on the process side. 

The accompanying flow diagrams indicate the nee 
essary equipment. Gases are scrubbed in a counter 
current absorber of bubble-plate or packed-tower 
construction. The hydrogen-sulfide content of gases 
can be reduced low enough to satisfy any reasonable 
refinery requirement. Treatment at temperatures as 
high as 200° F. is possible with the Prosphate 
Process. | 

Equilibrium of tripotassium phosphate with liquid 
hydrocarbons is even more favorable than with gases. 
A hydrogen sulfide content of treated propane 
butane mixtures as low as 0.02 mol-percent is easily 
attained. 

Regeneration of the spent solution is accomplished 
by heating the solution to its boiling point and strip 
ping with steam in a bubble-plate column. Steam for 
stripping may be provided from the solution by heat 
ing the solution indirectly through a tube bundle, the 
heat being supplied by hot oil or by steam at a mod 
erate pressure. Altenately, exhaust steam at low pres 

This process is licensed by Shell Development 
Company, New York. 
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Shell Solutizer Process 
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SHELL DEVELOPMENT COMPANY 


: Shell Solutizer Process for sweetening gaso- 
lines and naphthas is unique in that a doctor-sweet 
product is made by substantially complete physical 
extraction, instead of chemical conversion, of mercap- 
tans. For the extraction, caustic solution containing 
an organic substance (such as potassium isobutyrate), 
called for brevity Solutizer, is used. The removal of 
mercaptans gives products characterized without ex- 
ception by an improvement in their TEL suscepti- 
bility and, very often, by an improved initial octane 
rating, compared to those sweetened by conventional 
doctor or other treatments based on the oxidation of 
mercaptans to disulfides. In addition, there is a re- 
duction in total sulfur brought about by the Shell 
Solutizer sweetening which in some cases is suffi- 
cient to eliminate sulfuric acid treatment normally 
required to produce fractions conforming to low- 
sultur the Shell 
Solutizer sweetening applied prior to acid treating 


specifications. In other cases, 
results in the reduction of acid requirements. How- 
ever, even when the Shell Solutizer Process replaces 
doctor or other sweetening treatment of acid-treated 
stocks, substantial economies and improvements in 
product qualities are effected. 

The process is applicable for sweetening either 
straight-run cracked, reformed, or synthetic frac- 
tions, and its effectiveness even extends to the prod- 
ucts boiling outside the normal gasoline range. 

The Shell Solutizer Process is continuous and fully 
regenerative. Essentially, it consists of mercaptan 
and the 


regeneration of the fat solutizer-solution by boiling 


extraction with a lean solutizer-solution 
and stripping with steam. As indicated on the accom- 
panying flow diagram, a sour gasoline or other hydro- 
carbon fraction is first pre-treated with a caustic 
solution of suitable concentration to remove such im- 
purities as carbonoxylic and other relatively strong 
acids or to adjust the concentration of some acidic 
components, such as alkyl phenols, to permit efficient 
solutizer treatment. Usually a batch of caustic solu- 
tion is used for pre-treating until practically ex- 
hausted. The pretreated gasoline is passed on to a 
countercurrent extraction unit in which it is brought 
into contact with a lean solutizer-solution. Extrac- 
tion columns packed with carbon Raschig rings are 
effective and proven for this purpose. The sour hydro- 
carbon fraction is introduced near the bottom of the 
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column and the lean solutizer-solution enters near 
the top of the column. Intimate countercurrent con 
tact of the two streams results, and a doctor-sweet 
fraction and fat solutizer-solution are withdrawn 
from the opposite ends of the column. 

The fat solutizer-solution then is diluted with a 
condensate produced in the regenerating step. The 
diluted solution is allowed to settle in a separator, 
where a small quantity of sour gasoline, initially 
partly entrained and partly dissolved in the fat solu 
tion, separates out as the result of the dilution. This 
sour gasoline is skimmed and returned to the extrac 
tion column. The separated fat solutizer-solution is 
preheated and fed to the top plate of a _bubble-plate 
solutizer-solution regenerator. The fat solution is 
regenerated by being stripped of mercaptans by 
steam either injected from an outside source or 
generated in a reboiler at the bottom of the regenera- 
tor. A temperature in the neighborhood of 270° F. is 
maintained at the bottom of the column; it varies 
somewhat with the composition of the solutizer solu 
tion and the pressure. The regenerated or lean solu 
tion is pumped through heat exchangers and coolers 
to the top of the extraction column. 

The steam and mercaptans pass from the regenera- 
tor to the condensate stripper and on to, first, the 
condenser and, then, to a separator. The condensate 
is pumped from the latter to the top of the com 
densate stripper, from which a mercaptan-free con- 
densate is withdrawn to dilute the fat solutizer- 
solution just prior to its entering the gasoline 
separator. The mercaptans separated from the com 
densate are available for chemical syntheses or can 
be disposed of as fuel. 

The construction of the Shell Solutizer Process 
plant presents no unusual engineering or corrosion 
problems. With the exception of a copper-nickel-alloy 
tube-bundle in the reboiler, the equipment can be 
made of low-carbon steel. 

One of the developments of the basic process per 
mits, under certain circumstances, a treatment 
several gasolines to produce their doctor-sweet blend 
at practically no additional cost over that of the 
solutizer sweetening of one of the component gas 












lines. 
This process is licensed by Shell Development 
Company, New York. 
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Solvent Dewaxing Process 





TEXACO DEVELOPMENT CORPORATION 


Th E Solvent Dewaxing Process generally employs 
a mixture of dimethyl ketone (acetone) or methyl- 
ethyl-ketone and benzol as the solvent to obtain a 
dewaxed-oil pour point equal to or within a few de- 
grees of the dawaxing temperature. The dewaxed 
oils are free from wax cloud and there is no rise in 
pour point or “pour reversion” on aging. Either dis- 
tillate or residual stocks in the raw state or refined, 
of any viscosity, can be dewaxed. Texaco Develop- 
ment Corporation, 135 East 42nd Street, New York, 
is licensor of the process. 

The process is widely used in both the United 
States and Europe. Thirty-two units have been in- 
stalled, with a total daily charging capacity of over 
52,000 barrels, processing a wide variety of lubricat- 
ing - oil stocks of high and low wax content. Con- 
tracts have been awarded for 14 additional units 
having a total charging capacity of over 48,000 bar- 
rels per day. 

Simplicity of operation, flexibility, low construc- 
tion and operation costs, the absence of special equip- 
ment, special alloys, high pressure, excessively low 
operating temperatures and the ability to obtain high 
dewaxed-oil yields and very low oil-content waxes 
are outstanding characteristics of the process. 

The wax contained in lubricating oil stocks when 
properly precipitated from a chilled solution in the 
solvent mix is particularly adaptable to removal by 
filtration. Practically complete separation of oil from 
wax is obtained by use of a cold displacement wash. 
The use of a closed flue-gas system minimizes fire 
hazards and solvent losses. Dilution solvent dosages 
vary from a solvent-to-oil ratio of 1.0:1 to as much 
as 4:1, depending upon the nature and viscosity of 
the charge stock. 

Recently improved design of exchange and chilling 
equipment has resulted in reduced refrigeration re- 
quirement. Proper conditioning of the charge to the 
filters by controlled application of solvent has in- 
creased dewaxed-oil yield, reduced oil content of the 
wax to an extremely low figure, and reduced the 
amount of solvent circulated per barrel of oil charged. 
An additional development has been the production 
of wax, without addition agents, concurrently with 
the production of low-pour-point oil, but in auxiliary 
equipment operated as a separate process. White 
crystalline waxes and higher-melting-point micro- 
crystalline waxes are produced from distillate and 
residual stocks, respectively, to meet specific require- 
ments. 

The accompanying flow diagram, upon which it 
is impractical to reflect all of the recent improve- 
ments, shows the flow through the principal chill- 
ing, filtering and solvent-recovery equipment. Dilu- 
tion solvent is introduced into the charge-oil stream 
in such amounts, at selected points in the chilling 
cycle, as to insure a wax crystal structure and liquid 
viscosity most suitable for filtration. The chilled 
charge mixture flows from the double-pipe chillers 
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through a filter-feed tank to drum-type vacuum fi 
ters in which compartmentized, cloth-covered drums 
rotate half submerged in enclosed filter cases. A wax- 
free filtrate solution is drawn through the filter cloth 
to filtrate tanks in which the vacuum which induces 
filtration is maintained, The wax cake deposited upon 
the drum during filtration is washed with cold sok 
vent as it emerges from the liquid level in the filter; 
much of the wash solvent being drawn into the fil 
trate system toward the end of the filtration cycle 
Just before each of the filter-drum compartments 
reaches the wax deflector, flue gas at low pressure 
is admitted through a blow-back connection to the 
underneath side of the filter cloth. The bond between 
wax and cloth is broken and the washed wax falls 
into the wax-discharge compartment. Controllers in 
the flue gas piping maintain atmospheric pressure in 
the filter hood. 

The filtrate valve on the drum trunnion is so con- 
structed that oil-rich filtrate collected during the 
early portion of the filter cycle is directed to the 
main filtrate tank, whereas the oil-lean filtrate col- 
lected late in the cycle is directed to the wash filtrate 
tank. The oil-lean wash filrate then may be returned 
to the charge-oil stream as a substitute for a portion 
of the dilution solvent. Occasional warm washing of 
the filter cloth is a simple operation requiring 15 to 
20 minutes and is conducted, without interruption t0 
uniform flow through the plant. The warm washings, 
consisting primarily of solvent, generally are re 
turned to the charge mixture, this further reducing 
the requirements for new solvent. 

The filtrate from the main filtrate receiver 1 
pumped through the double-pipe exchangers to eva 
porators for the recovery of the solvent. Heat for 
evaporating the solvent from the dewaxed-oil solu 
tion and wax mix may be supplied by either steam 
or fired heaters. 

Substantially all of the water entering the system 
is crystallized and removed with the wax to the wax 
mix surge and settling tank. This vessel is maim 
tained at about 130° F. under which condition melted 
ice settles to the bottom of the tank. To this water 
is added condensates from steam strippers and the 
water-bearing material is pumped to a ketone frat 
tionator for recovery of solvent and removal of water 
from the system. 

The process produces high yields of low-pour-test 
oils free from wax cloud. Due to low solubility of 
wax in the solvent, low-pour tests can be obtain 
at relatively high separation temperatures. Extremely 
low pour points can be obtained, due to the narrow 
difference between the separation temperature and 
the resultant pour point. 

Consistent uniformity in operating conditions and 
product quality is an inherent characteristic of the 
process. There are no corrosion or erosion problems 
and low-pressure equipment is used throughout. 


Petroleum Refiner—V ol. 26, No.# 

















pee eeor Tt Tr 


ty 
4 
i 








ty 
- 








om eo ee eee — 





com awa Ea eee a ee eee 


| 



































---4 
p= SS Le ee 











ction 
































, 
———mo = = = = 











s Handbook Se 


, 





Proces 


17 
t/- 

















April, 











a 


Special Naphtha-Rerun Process 





THE LUMMUS COMPANY 


= utility of a Lummus special naphtha-rerun 
unit built for a large refiner was so clearly demon- 
strated that the same refiner placed an order for an 
exact duplicate to meet his additional requirements 
for this service. 

The engineering problem presented involved con- 
sideration of a number of factors. The chief char- 
acteristic desired was flexibility, since the unit was 
required to operate on a variety of naphthas and 
somewhat heavicr distillates for production of spe- 
cialty products of precise specifications. The second 
consideration calling for special design was intro- 
duced by the fact that material being charged to the 
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unit had been treated and the fractions produced 
were to be finished products ready for marketing, 
For this reason it was necessary to insure that no 
overheating of the charge material would take place 
and result in off-test products. To meet these require- 
ments a design was worked out in accordance with 
the flow diagram shown on the page opposite. The 
fractionating tower was set up for the productien of 
an overhead stream, four side streams and a residue. 
The overhead product was rubber solvent or low- 
endpoint gasoline, depending on the characteristics 
of the charging stock. The four side streams were 
naphthas of various characteristics, most of them 
of narrow boiling range and well fractionated. The 
original intention was to produce as finished products 
the first and third side-stream fractions only, sinee 
the charging stock indicated that simultaneous pro- 
duction of more than two side streams would not en- 
able specifications to be met. However, the perform- 
ance of the unit was so much better than expecta- 
tions that it was possible to produce three simultane- 
ous side streams to specifications instead of two. 

Avoidance of overheating was obtained by care- 
ful attention to the oil-heating unit. The Lummus oil 
heater lends itself to satisfactory solution of this 
problem because of its symmetry and because of the 
distribution of heat absorption. In view of the faet 
that complete vaporization of most of the various 
charging stocks takes place at a temperature below 
150° F., it was logical to reverse normal flow of mate- 
ria! through the heater by passing it first through 
the high-heat input section of radiant tubes, then 
through the semi-radiant roof tubes and_ finally 
through the convection bank where vaporization was 
allowed to take place. By the use of this flow the tem- 
perature distribution was ideal and it was possible 
to effect complete vaporization of the charging mate 
rial without reaching a peak temperature which 
would be injurious to the material being handled. 
Further, the maximum temperature required for com- 
plete vaporization is so low that there is no sacrifice 
of furnace efficiency when using the reversed flow 
described. 

Another feature of this unit which may be méi- 
tioned involves the grouping of control and metering 
instruments so that operation of the unit can be car 
ried out with very little supervision and effort. To 
accomplish this, controls were conveniently group 
in the control room. Provision for visual inspection 
and flow control of all streams with remote control 
valves on stripping steam to the side stream strippéets 
was provided. This arrangement was made so com 
pact that essentially “arm-chair operation” is pe 
sible. In view of the many different services wht 
this unit is called on to perform, the importance of 
close control is evident, and its value has been clearly 
demonstrated by the successful operation of the unt. 
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Superfractionation Process 





E. B. BADGER & SONS COMPANY 


’ 
ibaa tcicein ATION of naphtha fractions 
to separate the high-octane branched-chain compo- 
nents from the low-octane components was one 
method developed during the war to produce aviation 
blending stocks. In many instances the investment in 
money and steel required for aviation production by 
this method was but a small fraction of that required 
for the manufacture of high-octane materials by other 
means. This manufacturing procedure also may be 
applied to the peacetime production of high-octane 
motor gasolines. 

In one installation by E. B. Badger & Sons Com- 
pany, as illustrated by the accompanying flow dia- 
gram, a naphtha cut containing compounds ranging 
from normal pentane through normal heptane was 
charged to a series of superfractionators. Normal 
pentane was taken overhead in the first column and 
the bottoms containing isohexane through normal 
heptane was charged to the second superfractionator. 
Here isohexane was obtained as an overhead product, 
and the bottoms, charged to a third column, were 


split into normal hexane overhead, and isoheptane 
and heavier as bottoms. The isoheptane was taken as 
the overhead in the last column. 

In some cases, due to the large number of plates 
and the resultant height, a fractionating column was 
split into two sections, with the vapor from the first 
section passing into the base of the second section, 
and with reflux pumped from the base of the second 
section into the top of the first section. In the flow 
sheet, for simplicity, the columns are shown as single 
units. 

Accurate control of the distillation conditions is 
essential to the success of fractionation operations of 
this type, and Badger engineers developed the special 
instrumentation required. The use of surge tanks of 
ample capacity between the different columns con- 
tributes to steady flow and consistent operation when 
the composition of the feed varies. Due to the close 
boiling points of the fractions to be separated, prod- 
uct drawoff quantities generally are regulated by 
volume control, based on laboratory analyses of the 
feed stocks. 
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SHELL DEVELOPMENT COMPANY 


|e removal processes in general may 
be classified into two types: those that effect sweeten- 
ing by conversion of the mercaptans to other sulfur 
compounds, usually disulfides, and thereby result in 
little, if any, reduction in sulfur content; and those 
that achieve a physical or chemical removal of the 
mercaptans and substantially an equivalent reduction 
in the total sulfur content of the hydrocarbon treated. 
The this 


latter group and thus obtains the product improve- 


Tannin-Solutizer Process is a member of 
ment and increase in octane number and lead sus- 
ceptibility to be derived from sulfur reduction. The 
process attains this objective by addition of a simple 
and efficient tannin-catalyzed oxidation regeneration 
step to a mercaptan extraction operation employing 
strong caustic solutions containing mercaptan solu- 
bility promoters, termed “solutizers,” such as _ 1so- 
butyric acid and/or alkyl phenols. 

The process, as illustrated in the flow diagram, con- 
the 


treat, solutizer treatment, and regeneration system. 


sists essentially of three sections: caustic pre- 
Caustic pretreatment usually is required for removal 
of strongly acidic components, such as hydrogen 
sulfide, and in some cases for control of alkyl phenol 
mixer-settler 


concentration. A single conventional 


contact stage is normally satisfactory for this pur- 


pose, and the caustic solution may be used until 
essentially saturated. 
After pretreatment the sour hydrocarbon feed 


enters the extraction system in which it is counter- 
currently contacted with a suitable solutizer solution. 
The 


solutizer, or naturally occurring alkyl phenols may 


solution may contain added isobutyric acid 
be utilized for this purpose if their concentration is 
sufficient in the hydrocarbon fraction to be treated. 
The 


mixer-settler stages, such as the typical three-stage 


extraction equipment may be composed of 


system shown on the flow diagram, or other suitable 
contacting equipment such as towers packed with 
rings or of perforated design. The 


Raschig tray 


sweetened hydrocarbon flows from the extraction 
system to storage or subsequent operations. 
Treating solution from the extraction step is pre- 
heated to a temperature of 110-130° F. and flows to 
the regeneration column in which the extracted mer- 


captans are catalytically oxidized to the correspond- 
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Tannin-Solutizer Process 





ing disulfides by air blowing. This operation may be 
accomplished in a column devoid of packing equipped 
with efficient air dispersers or in any standard liquid- 


gas mixing device. The regenerated solution is coa- 
lesced for removal of entrained disulfide oil and the 
portion of this material remaining in solution is re 
moved by a simple countercurrent or batch naphtha- 
wash step. The naphtha requirements for virtual 
elimination of disulfides from the lean treating solu- 
tion are small, amounting in volume to only 1-2 per- 
cent of the hydrocarbon-treating rate, and may be 
disposed of in third-grade fuel or added to reforming 
or cracking stock for conversion of the disulfides to 
hydrogen sulfide. The lean solution then is cooled 
and returned to the extraction system, thus complet- 
ing the cycle. 

\dditional equipment consists of coalescers ap- 
propriately located to safeguard against entrainment 
of hydrocarbon or solution and a filter to prevent 
accumulation of possible side products of oxidation 
and extraneous material in the treating solution. 

This process easily achieves mercaptan removal to 
the 0.001-0.003 weight-percent mercaptan sulfur level 
when treating a wide range of straight-run or cracked 
stocks, full-boiling-range 
gasolines, having a naphthenic or paraffinic crude 


either low-end-point or 
source. Mercaptan reduction to the doctor-negative 
specification may be obtained in many cases by 
means of more stringent operating conditions and 
increased number of extraction stages. The process 
is characterized by a simple and flexible design which 
is particularly readily adaptable to utilization of 
existing equipment; and, due to the low operating 
temperatures and non-corrosive nature of the treat 
ing solution, no corrosion-resistant metals are Te 
quired. Simplicity of operation results in low labor 
costs and chemical and utility consumption is nom 
nal. The profitability gained from the saving in TEL 
resulting from the sulfur removal in most cases 
exceeds the low overall operating cost, so that af 
early payout of the original capital investment of an 
installation is realized. 

The Tannin-Solutizer Process is licensed by Shell 
Development Company under patents of Socony- 
Vacuum Oil Company and Shell Development Com 


pany. 
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Thermal Delayed Coking Process 





FOSTER WHEELER CORPORATION 


| # THE Thermal Delayed Coking Process stocks 
such as reduced crude, straight-run pitch or cracked 
tars are heated to a temperature sufficient to cause 
their heaviest components to turn to coke in a time 
chamber, from which the coke is intermittently re- 
moved. 

The primary objective of delayed coking is to pro- 
duce, from heavy carbonaceous oils, clean gasoils 
which are suitable charges for thermal or catalytic 
cracking. When demand and market realization for 
coke are adequate, delayed coking of the heavy sur- 
plus oil stock can be a very profitable operation. A 
yield as high as 20 percent of 400° F. end-point gaso- 
line from the delayed coking of reduced crude repre- 
sents an added asset in the overall economic balance. 

Thermal delayed coking units may be designed to 
operate as viscosity-breakers when there is either no 
demand for coke at a fair return, or when there is a 
surplus supply of heavy residues. 

Two or more coking chambers usually are provided 
for the intermittent removel of coke. The “hydraulic 
method” is looked upon with much favor by operat- 
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ing men because it consumes the smallest amount of 
time and produces the smallest percentage of coke 
fines. In this method a vertical hole about 18 inches 
in diameter is bored by a high-pressure water jet 
through the coke bed after the coke has been prepared 
by adequate steaming. The next step is the cutting of 
the coke into layers by using high-pressure water 
jets applied by means of rotating nozzles on the end 
of a pipe extending down to the bottom of the vertical 
hole. This cutting works upward until the entire body 
of coke is removed from the chamber. The water 
used for cutting the coke also may be used to convey 
the coke in a conveying system from the coke cham- 
ber to the stock pile. 

The charge, a heavy reduced crude or cracked tar, 
is pumped through the convection section of the 
“Downdraft” heater and enters the radiant section 
where it is heated to a temperature high enough to 
effect vaporization of all light and heavy gasoils con- 
tained in the charge. This liquid-vapor mixture enters 
the fractionating column and the unvaporized heavy 
fuel oil fraction of the charge is pumped from the bot- 
tom of this fractionating 
column into the other cell 
of the “Downdraft” heater 
where further vaporization 
takes place. This combina- 
tion of heavy oil vapor and 
liquid residue (in which 
coke-forming substances are 
highly concentrated) enters 
one of the coking chambers 
where as a result of the com- 
bination of time and tem- 
perature, coke is formed. 
This coke accumulates until 
the chamber is filled and the 
stream is then diverted to 
the other coke chamber. The 
vapor leaving the coke 
chamber contains an apprect 
able quantity of low-boiling 
fractions, the result of crack- 
ing both in the heater coil 
and in the chamber itself. 
This vapor enters the frac- 
tionating column and is sep- 
arated into gas and gasoline 
at the top of the column and 
a gasoil sidestream. 
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Thermal Reforming Process 





FOSTER WHEELER CORPORATION 


i 'f ELD of 75 to 83 percent of 65 to 75 ASTM 


octane from a 45 to 50 ASTM octane charge repre- 
sents the significant function of a thermal reformer 
in modern petroleum refining. 

Most of the low-octane fractions in straight-run 
naphtha are the straight-chain paraffin hydrocar- 
bons with boiling points between 250° F. and 400° F. 
When the crude available to a refiner contains a large 
percentage of these low-octane fractions, thermal re- 
forming is utilized to convert them into higher-octane 
lower-boiling motor gasoline components. 

Thermal reforming is widely practiced in the petro- 
leum industry. Although the process is a very simple 
once-through operation, it is important that the 
equipment, particularly the furnace, be properly de- 
signed to operate satisfactorily under the severe con- 
ditions required. 

The heavy low-octane reforming stock enters the 
direct-fired “Downdraft” heater after picking up part 
of the excess heat in the circulating quench oil and 
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Reaction temperatures between 
950° F. and 1050° F. are utilized depending upon the 
depth the reforming required. Adequate soaking 
time is provided in the heater and the reformed gaso- 
line then passes through a regulating valve, which 
maintains a pressure of 500 to 1000 psi on the heating 
and soaking coil, to the low-pressure fractionation 
part of the system. Before the reformed products 
enter the fractionator their temperature is quickly re- 
duced by bringing them into contact with a compara- 
tively low-temperature quenching oil for the purpose 
of reducing the formation of excessive coke. In the 
fractionator, a very small percentage of fuel oil resi- 
due is separated and passes out of the system to stor- 
age. The overhead combination of reformed gasoline 
and gas passes through a condenser to a receiver from 
which the reformed naphtha is pumped to a stabilizer. 
The gas, from the stabilizer, rich in C, and C, ole 
fins, represents a very desirable charge for the cata- 
lytic polymerization unit. 


intermediate reflux. 


Petroleum Refiner—V ol. 26, 








April, : 

















Ls. 


Jamo} 
Bu sOUOHIOIY 








en, “sealatuaeea miata: ae 


2 a oe ee ee eee 


~ | a . 
wo [X] © hetdfe oy 


ss9Qwou") 
3407 


Se ee ee ee eee me 


e6ipus 








Process Handbook Section 


April, 194 











ee 


Thermofor Catalytic Cracking Process 














HOUDRY PROCESS CORPORATION 


‘Tue Thermofor Catalytic Cracking (TCC) Proc- 
ess is of the moving-bed type and is licensed by 
Houdry Process Corporation. 

As shown in the flow diagram the major parts of 
the catalytic section consist of reactor, kiln, and 
catalyst elevators. The reactor is a cylindrical vessel 
with catalyst and vapor inlets at the top and a cata- 
lyst-vapor disengager and oil-purge section at the 
bottom. Catalyst pellets flow downward by gravity, 
along with the hydrocarbon vapors, forming a solid 
moving bed. The depth of catalyst bed in the reactor 
is variable and controls the space velocity. After 
passing through the reaction zone the catalyst con- 
tains a small amount of carbonaceous deposit. Oil 
vapors and adsorbed oil are purged from the catalyst 
and surrounding voids in the purge zone after which 
the catalyst flows into the spent-catalyst elevator 
which operates at atmospheric pressure. This ele- 
vator transports the catalyst to the top of the kiln 
where it is discharged into a hopper feeding into the 
kiln. The catalyst flows downward by gravity 
through the kiln and the carbonaceous deposit is re- 
moved by zone regeneration with air at about 1.0 
pound gauge pressure. Each burning zone has its 
own air supply and water-cooling coils, permitting a 
close control of catalyst temperature which thereby 
protects the catalyst from deactivation by excessive 
temperatures. 

The kiln is designed to effect substantially com- 
plete removal of carbon from the catalyst by provid- 
ing the required number of zones and residence time 
in each zone. Regenerated catalysts from commercial 
kilns normally average 0.2 weight-percent carbon or 
less. Most of the heat of combustion is converted into 
high-pressure steam by circulating water through 
the cooling coils and flashing in a separate steam 
drum. 

The regenerated catalyst is returned from the bot- 
tom of the kiln by a second elevator to the reactor 
hopper, completing the catalyst cycle. On units 








Cracking Coastal Naphthenic Gasoil for Motor Gasoline 





charging less than 7000 barrels per day, a single 
elevator having partitioned buckets carries both 
spent and regenerated catalyst streams. This type of 
elevator is shown on the flow diagram. 

It should be noted that the elevators operate at 
atmospheric pressure, providing a positive separa- 
tion of the kiln and reactor and assuring that a mo- 
mentary upset on either kiln or reactor will not force 
a shutdown of the unit. 

Catalyst within the TCC unit is maintained at 
maximum particle size by continuously by-passing 
a small portion of the regenerated catalyst stream 
through an elutriator where fines are separated with 
countercurrent air flow. Whole catalyst pellets from 
the elutriator then flow by gravity to the regenerated 
catalyst elevator. 

An inert-gas seal is used to prevent the loss of 
hydrocarbon vapors out the top of the reactor. As 
shown, flue gas from the kiln or from the flue-gas 
generator is introduced at the bottom of a catalyst 
seal leg located between the feed hopper and reactor. 
The length of this seal leg is sufficient to provide a 
pressure drop exceeding the reactor pressure. The 
main part of the seal gas is vented to the atmosphere 
from the feed hopper, with a small portion passing 
through the reactor. 

Aside from the catalytic equipment described 
above, heat exchange, fractionation, etc., are conven- 
tional. 

The scheme of charge preparation shown in the 
flow diagram consists of heating reduced crude and 
flashing at approximately 15 psig pressure. The 
flashed distillate comprises the TCC charge. If de- 
sired the flashed residue may be vacuum-distilled or 
propane-deasphalted to obtain additional charge. In 
this: situation the recovered heavy gasoil is heated 
to 700-800° F. and injected as a liquid at the top of 
the reactor. 

The following table presents typical yields from a 
commercial plant using synthetic catalyst and crack- 
ing a coastal naphthenic charge stock in an essen- 
tially single-pass operation: 
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| OCTANES 
DISTILLATION CFR-M |  CFR-R 
Aniline em aside 
Vol. Point 10 50 3 ce 3ce | Percent 
Percent} “API °F. | Percent! Percent] Percent] Clear | TEL | Clear | TEL S 
Charge 100 28.1 | 136 | 472 | 528 | 624 0.14 
Products: | 
10t» R.V.P. TCC Motor- : 
Gasoline* 53.9 53.3 120 240 374 83.5 90.3 94.2 | 100.0 0.019 
Excess C4 Fraction 12.1 . 
Catalytic Gasoil 34.0 21.7 R8 470 | 510 600 0.07 
Liquid Recovery (C4+) 100.0 | 
Dry Gas, Weight Percent 7.6 | 
Coke, Weight Percent 2.1 | 
SUMMARY OF OPERATING CONDITIONS 
Total Space Velocity V./Hr./V.** 0.75 Vapor Inlet Temp. °F. 924 
Catalyst. ony - Inlet Temp. °F . 950 
Catalyst Activity Index 36 Avg. Reactor Pressure, psig 5.0 
Steam None 


Type Flow Concurrent 
* Cu Dish Gum—6 
** Contains 5.3 vol. percent of internal recycle. 


pe 
mg; ASTM Gum—3 mg: Oxygen Bomb Stability 20 + Hrs. 
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Three-Stage Distillation Process 





E. B. BADGER & SONS COMPANY 


Cesries usually are distilled under substantially 
atmospheric pressure for the removal of straight-run 
products through kerosine and light gasoil, and the 
reduced crude is then subjected to further distillation 
under vacuum for the removal of lubricating-oil frac- 
tions and the production of a heavy residuum or as- 
phalt. These operations may on occasion be preceded 
by a flashing operation under mild pressure to recover 
light gasoline and to condition the crude for further 
processing. 

The flow diagram on the opposite page illustrates 
designed and con- 


distillation unit 


B. Badger & Sons Company, similar 


a three-stage 
structed by E. 
in general concept to the majority of modern Badger- 
built crude distillation units, and incorporating these 
three operations. Three-stage crude distillation when 
applied to light and medium crudes offers increased 
flexibility of operation ; a means of combatting corro 
sion due to sulfur, salt and water, thereby resulting 
in greater on-stream efficiency; maximum yield of 
specification products; and improved control of frac- 
tionation. 

In the first column, which usually operates at 25 
to 75 psig, light gasoline is recovered overhead, and 
water and hydrogen sulfide are eliminated from the 
flashed crude. The advantages obtained in removing 
a light-gasoline cut in this manner before under- 
taking the fractionation of the intermediate cuts are 
as follows: 

The wet crude charge is preheated in tubular ex 
changers at a low temperature level, minimizing cor- 
rosion difficulties from salt, water, and hydrogen 
sulfide. It is effectively dehydrated by flashing and 
stripping in the primary tower. This stripping ts ac- 
complished by reboiling the primary tower bottoms 
in a fired heater. Since no steam is employed for 
stripping, very-low-boiling products can be recovered 
overhead without danger of condensing water in the 
tower, thus minimizing corrosion from this source. 
Controlled amounts of light hydrocarbons can be 
kept in solution in the light overhead cut by operat- 
ing at suitable pressures, whereas, it is impracticable 
to do this in the main tower at atmospheric pressure. 
The control of separation between the gas and light 
gasoline and the light naphtha can be accomplished 
separately and therefore more effectively. Further- 
more, a properly conditioned and dried oil is obtained 
for charging to the fired heater, thus overcoming 
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difficulties due to salt deposition in the heater tubes, 
Additionally, the top section and condensing equip- 
ment in the atmospheric tower can be designed to 
take advantage of the elimination of the corrosive 
agents in the primary tower. 

The secondary tower operates at substantially 
atmospheric pressure and is designed to remove light 
naphtha overhead, a heavy naphtha fraction and 
kerosine and gasoil as side streams. Steam is used 
for stripping the side streams and bottoms, but since 
the light gasoline is removed in the primary tower, 
the temperature level is sufficiently high to prevent 
condensation of water on the upper trays. The heat 
requirements for the atmospheric tower are provided 
by the same heater used for reboiling the primary 
tower bottoms. 

In larger units or in special cases it becomes eco- 
nomical to provide two fired heaters, instead of one 
as shown in the diagram, for the first two stages. 
One heater circulates primary bottoms for reboiling 
and the other serves as a preheater for the secondary 
tower. Condensers can be the submerged-coil type as 
indicated for this unit or multitubular or direet- 
contact type according to conditions. 

The vacuum tower produces a heavy gasoil over- 
head, light and heavy neutral and cylinder stock as 
side streams, and a heavy residuum as a bottoms 
product. As indicated on the flow diagram, the 
vacuum condensers have been mounted in the top of 
the tower although they may be supported above and 
outside the tower. In smaller units where the vapor 
lines are of moderate size, the condensers may be 
placed at a lower level for convenience. Pumps gen- 
erally are used for removing vacuum distillates from 
the system, but in some instances where pumps are 
subject to severe corrosion such as by naphthenie 
acids in the distillate, steam lifts and barometric legs 
are used. 

The character of the heat-exchange system is dic- 
tated by the nature of the stocks handled, and eco 
nomical heat recovery varies greatly with each unit. 
Alternate paths of flow usually are provided for 
different operations. 

Badger crude distillation units are designed for 
ease and smoothness of operation, minimum pr duct 


loss while changing charge stocks, high stream eff 


ciencies, and minimum down-time during unit turn- 


arounds. 
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Three-Stage Distillation Process 





FOSTER WHEELER CORPORATION 


Per FABRICATION and the separation of naph- 
thas, refined oils, and light gasoils in an atmospheric 
column, plus the removal of heavy gas oils and lubri- 
cating distillates from the reduced crude in a vacuum 
column is the fractionation sequence in the three- 
stage crude oil distillation process. 

Prefractionation flashes-off from the crude, hydro- 
gen sulphide, and water, thereby concentrating the 
low-temperature sulphur-corrosion problem to one 
small section of the unit. It also removes the lighter 
fractions from the crude, thereby increasing top-of- 
tower temperature in the atmospheric column and 
avoids steam condensation therein. The heat required 
for the prefractionator is obtained almost entirely by 
heat exchange. 

The atmospheric distillation part of the system 
removes from the crude, at normal temperature, the 
remaining naphtha, the refined oil, and light gasoil. 
Further atmospheric distillation of the crude would 
be attended with a certain degree of thermal degrada- 
tion which is not conducive to the production of the 
highest quality of lubricating distillate ; therefore, the 
reduced crude from the atmospheric column is further 
reduced in the vacuum distillation part of the system 
to produce the maximum vields of the various grades 
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of lubricating stocks available in the particular crude 
charge to the unit. 

The crude enters the unit through a vapor heat 
exchanger, then through a series of exchangers where 
it absorbs heat from a circulating intermediate reflux 
stream from the atmospheric fractionating column. 
Further temperature increase is obtained by heat ex- 
change with the paraffin distillate stream from the 
vacuum column; the crude stream then passes 
through tube bundles located in the vacuum tower, 
The crude stream, so preheated, then enters the pre- 
fractionating tower. After flashing off hydrogen sul- 
phide, water and a light naphtha fraction the partially 
reduced crude from the prefractionator is pumped 
through a heat exchanger where it absorbs heat from 
a circulating intermedate reflux of the vacuum tower; 
then passing to the “Downdraft” heater where it is 
raised in temperature to effect vaporization of the re- 
maining naphtha, the refined oils and light gasoils. 

The reduced crude from the atmospheric tower is 
pumped directly to another “Downdraft” heater 
where it absorbs sufficient heat to effect vaporization 
of the remaining gasoils and the light and heavy lub- 
ricating oil stocks, which are then fractionally sepa- 
rated in the vacuum tower. 
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Three-Stage Distillation Process 





THE LUMMUS COMPANY 


| see three-stage distillation units (see flow 
sheet opposite) are employed for processing of light 
sour crudes with the first stage operating without 
steam at 40-50 psig pressure to facilitate condensa- 
tion of the light hydrocarbons but at the same time 
avoid condensation of acidic moisture in the tower. 
In this tower the light gasoline is distilled overhead 
and heavy naphtha is withdrawn as a side stream. 
The second stage operates at substantially atmo- 
spheric pressure and the third stage operates under 
vacuum. 

The crude oil passes through heat exchangers to 
the convection bank of the oil heater and from there 
to the primary pressure tower. One radiant section 
of the heater is used for reboiling the primary flash 
tower. The side stream of heavy naphtha also 1s pro- 
vided with a reboiler, the heat for this being pro- 
vided by a separate hot stream from one of the other 
towers. Several marked advantages are obtained 
by operating the primary tower under pressure. Since 
the heat added to the crude oil is at a fairly low 
temperature level, there is less difficulty from corro- 
sion due to sulphur, salt and water in the crude. 
Difficulties from corrosion also are reduced by elim- 
inating stripping steam, since the water content of 
the crude normally is not sufficient to cause condens- 
ation of water on the decks of the column. Con- 
densation of the overhead light gasoline is carried 
out in two stages. The primary condensate is used 
as reflux, the excess passing through a subcooler as 
net product and being used to absorb gas remaining 
uncondensed in the primary condenser. Using this 
system it is possible to obtain a product with high 
vapor pressure and low end point and to operate on 
“wild” crude with minimum production of gas. This 
product can be pumped directly to the stabilizer, 
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and since it contains most of the gas which is nor- 
mally not condensed no compressor is needed and 
there is no additional load on the refinery gas-recoy- 
ery plant. 

The secondary tower, operating at substantially 
atmospheric pressure, is designed to remove kerosine 
and gasoil fractions. In order to have complete con- 
trol of the initial boiling point of kerosine, this frac 
tion is removed as a side stream. The overhead from 
this tower thus represents a fraction intermediate 
between heavy naphtha and kerosine. Most of this 
material is used as a reflux to the atmospheric 
tower, while a small percentage is returned to the 
primary tower as intermediate reflux. Steam is used 
for stripping of both side streams and bottoms but 
since the temperature level at which this tower oper- 
ates is fairly high, there is little difficulty with cor- 
rosion because of the fact that no condensation of 
water takes place in the tower. The heat require- 
ments for the atmospheric tower. are provided by a 
second radiant chamber of the heater. Each of these 
chambers is fired independently, so that firing is un- 
der absolute control. 

The third tower of the system is operated under a 
vacuum for the production of lubricating-oil distil- 
lates. The overhead stream on this tower is a heavy 
gasoil. The various lubricating-oil fractions are re- 
moved as side streams while the bottoms is heavy 
tar or asphalt, depending upon the type of crude oil 
being processed. Steam is employed for separating 
both the side streams and the residue. In order to 
avoid the effect of high temperatures on the quality 
of lube-oil distillates produced, the oil heater is de- 
signed so that vaporization takes place within the 
heater itself. The vacuum fractionating tower design 
includes the Lummus vacuum condensing system 
which features the installation of these units in the 
top section of the tower itself rather than on an 
external structure. 
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Tretolite Desalting Process 





TRETOLITE COMPANY 


Worn the introduction of modern refining facili- 
ties, the presence of inorganic salts in crude oil was 
found to be an obstacle to trouble-free operations. 
Equipment corrosion and plugging, as caused by 
these salts, resulted in frequent shutdowns and high 
maintenance costs. 

Recognizing the fact that most salts were carried 
in the oil as residual emulsified brine particles, many 
refineries resorted to the use of settling drums on 
the crude units to separate these emulsion particles. 
Partial salt removal was effected in some cases; 
however, in all cases, removal was insufficient to 
permit smooth operations. 

In 1928 Tretolite Desalting was introduced to im- 
prove the degree of salt removal. On-stream time 
was extended from a matter of days to a matter of 
weeks on the first applications, but the nature of 
the problem dictated the need of salt removals in 
the 90 percent range. 

The present Tretolite Desalting Process was de- 
signed to this end. The process is simple and eco- 
nomical, and can be utilized in the continuous opera- 
tion of the crude stream to the flash tower or stills. 
A minimum of equipment is required, and, in places 
where settling drums already are installed, only 
minor modifications are required to convert the unit 
to the process. 

The process consists of injecting a small amount 
of chemical destabilizer into the crude oil and con- 
tacting the oil with fresh water to wash out the 
residual brine and salt particles. The water then is 
permitted to coalesce and separate in a settling drum, 
carrying off the salt and some other detrimental 
materials. The chemical reagent serves as both a de- 
mulsifier of the residual emulsion in the crude, as 
well as a destabilizer for the new emulsions formed 
by the addition of the fresh water. This action per- 
mits better contact of the wash water with the brine 
particles. The presence of the destabilizer further aids 
in the coalescing of the dispersed water particles, 
giving a quick water separation and a clean interface 
in the settling drum. 

Advantage is taken of the regular refinery equip- 
ment, such as charge pump, heat exchangers, and 
piping, to obtain the dispersion of chemical reagent 
and the fresh water phases; therefore, mixing valves 


*U. S. Patents 2,252,959, 2,310,673. Others pending. 


are only necessary where a high degree of contact 
is required. A mixing valve usually is installed, but 
the pressure drop across the valve is held to a 
minimum. 

The chemical requirement is in the range of 1 to 
gallons per 1000 barrels of crude, depending upon 
the characteristics of the crude. The fresh water 
requirement is in the range of 3 to 7 percent of the 
crude stream, depending upon the nature and amount 
of the salts present. Operations are carried on in 
the crude unit at whatever temperature is avail- 
able from the regular heat exchanger equipment. The 
settling drum is placed in the system at the point 
where sufficient pressure is still available to prevent 
vaporization of both the crude and water phases, 
Operating temperatures vary in the range of 180° 
to 300° F. The higher temperatures are best adapt- 
able to the more viscous crudes, and, in most cases, 
the higher the temperature, the more efficient the de- 
salting operations. 

Settling-drum size is determined by both the rate 
of through-put and the nature of the crude. Average 
oil retention time within the drum is about 30 min- 
utes, with a water level maintained at the proper 
height to insure a thorough washing of the crude. 
The water level is controlled by an automatic instru- 
ment. A back-pressure regulator is used on the crude 
outlet to maintain uniform back pressure upon the 
system. 

This process is being applied at refineries through- 
out the country, and on all types of crude oils. In- 
stallations range from 1,000 to 35,000 barrels per day 
per unit. Salt removals range from 90 to 98 percent, 
with the water carry-over from the desalter equal 
to or less than the original residual emulsion con- 
tent. The process has the added advantage of also 
removing a proportional percentage of insoluble 
solids, such as sand, shale, etc., which separate in 
the water phase of the settling drum. A partial re 
moval of these materials reduces the amount of de 
posit that eventually occurs in the balance of the 
equipment. 

The Tretolite Desalting Process is characterized by 
use of highly selective reagents intended specifically 
for such use, and described in various United States 
patents.* The Tretolite Company, 937 Pacific Ave 
nue, Webster Groves, Missouri, is licensor. 


Petroleum Refiner—V ol. 26, No. Y 








April, 


ASALANOOD 














SS3D0¥d ONILIVWS3O 311170131 


YaLVM 


a ”—TNandsa 














NOILOAS 
ONNIDS31VO9 





WNYHYOQ ONITLLSS 








SYHYSONVHOXS LV3H 








me 


INVA ONIXIW 





oa I — a3anuo 


TOULNOD 30V4SYN3S1NI aq3i1vs3a 
YOLVINOSY 3HNSS3Yd NOWE 


dWAd Y31VM 


rn Y3ALVM 


J4u HS3u4 


dWnd 2 
pidans 
~~ 3anuo 











GdWNd 3LINIOLSYL 











rocess Handbook Section 


? 


-} 


I pril. 19 7. 








Tulsa Type Absorption Process 





TULSA BOILER AND MACHINERY COMPANY 


Sisk Boiler and Machinery Company, Tulsa, 
Oklahoma, present on the opposite page a typical flow 
diagram of its Tulsa Type Absorption Plant. 

The inlet scrubber is equipped with a single mist 
extractor and both the absorber and the residue 
scrubber have double mist extractors to prevent en- 
trainment of mineral seal oil into the residue gas 
line. 

The oil-heat exchangers shown on the diagram 
are of the multitubular, fixed-tube-sheet design and 
this type is usually furnsihed; however, when it is 
necessary to clean both through and around the 
tubes, floating-head removable-tube-bundle exchang- 
ers are installed. 

The evaporator-dephlegmator shown is of the com- 
bined type ; however, in some instances, the evapora- 
tor and the dephlegmator are furnished as separate 
towers. The evaporator is furnished with two internal 
heating elements, one above each of the two lower 
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trays, in which live steam is used as a heating me 
dium through the tubes. This is a patented feature, 
and reduces the amount of steam required for heat- 
ing the oil as there is no radiation loss. The oil passes 
around the tubes and inside the shells of the internal 
heating elements. 

A small stream of hot mineral seal oil is taken off 
the bottom of the evaporator, heated with steam and 
introduced into the oil reclaimer. The oil vapors are 
condensed and the oil goes into the mineral seal oil 
storage tank. By continuously reclaiming the oil in 
this manner, the absorption oil remains in a clean 
condition. 

The vapors from the raw make accumulator tank 
are taken into the recompressor or reabsorber for 
further processing. 

In the fractionator hook-up on the diagram, a de 
propanizer, debutanizer, butane splitter and a de- 
isopentanizer are shown. In some plants this would 
be more fractionators than necessary. In some in- 
stallations, with the absorber working under high 
pressures, it would be advisable to install a de- 
ethanizer ahead of the depropanizer in the hook-up. 

The coolers usually are of the atmospheric type 
with cast-iron or steel heads and inhibited Admiralty 
tubes. Some installations may require closed type, 
floating-head removable - tube - bundle coolers. The 
“Tulsa Type” atmospheric coolers have straight 
tubes. Both tube sheets are free to move back and 
forth to take care of expansion and contraction of the 
tubes. Scale from the tubes is shed by temperature 
shock which causes elongation of the tubes. By the 
tubes being taut and straight, dripping of water on 
the under side of the tubes is uniform, thus the cool- 
ers below the top cooler in each bank receive evenly 
distributed cooling water. The oil coolers, gasoline 
condensers, fractionator reflux condensers and frac- 
tionator final gasoline cooler are of this type, being 
built for the pressures necessary. 

Gas-lift water wells at the side of the cooling tower, 
with gas jetting water over the tower are usual. 

An absorber usually has 20 bubble trays for rela- 
tively high butane extraction. If higher butane ex 
traction or propane extraction are desired, as many 
as 30 bubble trays are used. On some installations 
chilling elements are used in the absorber. This 1s 
also a patented feature. A refrigerant is introduced 
through the tubes of the chilling elements and the 
lean oil passes around the tubes and inside the shells 
of these internal chilling elements. The bubble trays 
in the fractionators number from 24 to 50, depending 
upon the service and degree of fractionation desired. 

A gasoline heat exchanger is used on the feed line 
to the first fractionator for exchanging heat between 
the feed and the finished gasoline. 

Rate - of - flow controls are used to control _the 
amount of reflux to the various fractionators. Com 
trols, regulators, and recordjng instruments are used 
throughout the plant to make it automatic in oper 
tion. The accompanying flow diagram is typical and 
could be changed as conditions warrant. 
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Two-Stage Distillation Process 





THE LUMMUS COMPANY 


erie two-stage distillation units for the pro- 
duction of light gasoline, close-cut solvent naphthas, 
kerosine, cracking stock and fuel oil are in wide use 
and have excellent performance records. In these 
units (see flow sheet opposite) the two stages of 
distillation are both carried out at substantially 
atmospheric pressure with the temperature in the 
first stage being low enough to avoid the discolora- 
tion of kerosine. The temperature of the second stage 
is maintained at the lower limit of the cracking range 
to facilitate production of maximum yield of cracking 
stock. 

The primary flashing of crude is accomplished 
through heat recovered by heat exchangers plus heat 
supplied by a coil including the convection bank and 
one radiant bank of a double-chamber Lummus oil 
heater. The products removed in the first stage in- 
clude rubber solvent, varnish makers’ and painters’ 
naphtha, Stoddard solvent and kerosine. In order to 
have good operating control of the initial boiling 
point of rubber solvent, this product is condensed 
hot and partially weathered. The separation between 
rubber solvent and V.M.&P. naphtha can be easily 
obtained by efficient fractionation and without the 
use of any appreciable quantity of stripping steam. 
The separation between V.M.&P. naphtha and Stod- 
dard solvent requires better fractionation than the 
foregoing separation, and since this latter is between 
the first and second side streams, reboiling of Stod- 
dard solvent is employed. The separation between 
Stoddard solvent and kerosine is readily accomplished 


with a small amount of steam stripping applied to 
the kerosine stream. 

For crude oils of the type for which this design ig 
most applicable, the recoverable distillates between 
kerosine and fuel oil residue have no great value other 
than as cracking stock. For this reason, the second 
flashing operation is designed to recover a bulk dis- 
tillate as an overhead product with the production of 
a minimum percentage of fuel oil as residue. Heat for 
the secondary flashing operation is supplied in the 
second radiant chamber of the double-chamber heater. 

A feature of this plant design is the use of a partial 
condenser on the bulk distillate from the second 
flashing operation which is cooled by exchange with 
partially preheated crude. The temperature of the 
crude used as a cooling medium in this unit is closely 
controlled so that there is no possibility of obtaining 
tube-wall temperatures low enough to allow con- 
densation of steam vapors passing through this con- 
denser. Oil vapors are almost completely condensed 
and are separated from the uncondensed steam and 
residual oil vapors. Condensation of the resulting 
vapor mixture is accomplished in a spray or shower 
type condenser by direct contact with water. By the 
use of such a system the effect of corrosion resulting 
from mild cracking in the second heating operation 
is concentrated at one point, the direct-contact con- 
denser. Because of the simplicity of design of this 
condenser, the cost of construction using corrosion- 
resistant materials is not appreciably greater than 
that for normal construction. Addition of neutralizing 
agents at this point can be done easily if desirable. 
Separation of water and condensate from this direct- 
contact condenser is carried out in a separating tank. 





278 «= 344} 





Petroleum Refiner—V ol. 26, No.4 





April 


ANVdWOO)D SOWWN'T AHL ASALANOD 





LINN NOILVYTULSIO 3SDVLS OML SNWAWN) 


IN3A10$ WHLHdWN IN3A10$ 
w3eeny d BWA duvagois 72835083» angis3ay ONIXOWHD Elelal- 


4 od 


J 7 




























































































a ALLeke La} 
ONILV3H ~~~ _ y31V3H 











yu3MOL 
3188Ne 

39vis 
GQNOD3S 





























k Section 





S¥asddiuls 


























rocess Handboo 





) 








-f 











/ 








I pril, 1! 











Unisol Mercaptan Extraction Process 





UNIVERSAL OIL PRODUCTS COMPANY 


For many years petroleum-process development 
touched only lightly on gasoline-treating methods. 
Within the last few years demand for higher octane 
numbers and increasing use of high-sulfur crudes has 
focused attention on this problem. Removal of sulfur 
compounds from gasoline gives marked improvement 
in tetraethyl-lead susceptibility, although the un- 
leaded octane number may improve only slightly. 
Conventional gasoline-sweetening processes convert 
malodorous mercaptan sulfur compounds to corre- 
sponding alkyl disulfides without reducing sulfur 
content. 

The Unisol process was developed to extract mer- 
captan compounds from gasoline, thereby accom- 
plishing the purpose of conventional sweetening and 
at the same time improving tetraethyl-lead suscepti- 
bility by removal of the sulfur associated with the 
mercaptan. Conventional sweetening never improves 
octane number and often reduces it, particularly with 
high-mercaptan stocks, making sweetening a non- 
profitable operation. Unisol, on the other hand, gen- 
erally shows a rapid return on the investment through 
improved product quality and tetraethyl-lead sav- 
culmination of years of 
work by The 


ings. The process is the 
large-scale pilot-plant development 
Atlantic Refining Company. It is licensed by Uni- 
versal Oil Products Company. 

The Unisol process is based upon the large increase 
in solubility of mercaptans in caustic soda solutions 
when an organic solvent, methyl alcohol, is present. 

Hydrogen sulfide-free gasoline is introduced to the 
bottom of an extraction column and has mercaptan 
extracted from it as it flows upward in countercur- 
rent contact with an aqueous solution of methanol 
and caustic soda. The caustic solution is introduced 


at the top of the extractor and methanol near the 


mid-point. Above the methanol inlet the caustic 
solution extracts any methanol dissolved by the gaso- 
line from the caustic- methanol solution. Treated 


gasoline is removed from the top of the extractor 
and sent to storage without any subsequent treating 
except addition of inhibitor. The fat caustic-methanol 
solution containing extracted mercaptan is removed 
the column from 
whence it is charged to a column in which the 
methanol and mercaptan are stripped from the caustic 


from the bottom of extraction 


solution. Regenerated caustic solution is recovered 
from the bottom of this column for reuse. From the 
top of the stripping column, stream-methanol-mer- 
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captan vapors go to a condenser and then to a mer- 
captan separator from which the extracted mercap- 
tans are decanted from the system. Aqueous meth- 
anol solution is charged from the mercaptan separa- 
tor to a fractionating column from which methanol 
is recovered for reuse as an overhead product. 

The process is outstanding in its simplicity, low 
cost and effectiveness. Mercaptan reduction of better 
than 99 percent is readily accomplished. Commercial 
units are operating profitably on gasolines containing 
as low as 0.013 and as high as 0.25 percent mercaptan 
sulfur. Octane number improvements at the 3-ce- 
tetraethyl-lead level, range from 1 to 5 or more on 
the commercial units, depending on mercaptan-sulfur 
content of the unireated gasoline. 

The treated product as it comes from the unit usu- 
ally is sweet or nearly sweet. In almost all cases the 
product is completely sweet after a few days in 
storage. 

The process is noteworthy in its ability to con- 
trol the gasoline-phenol content. Phenols can be left 
in the gasoline or can be almost completely removed 
as a concentrated sodium phenolate solution contain- 
ing no free sodium hydroxide. 

In comparisons of the properties of Unisol-treated 
gasoline with the raw gasoline or with the product 
obtained by conventional sweetening, it generally is 
found that Unisol treating improves inhibitor sus- 
ceptibility, lowers ASTM gum, and that copper-dish 
gums after inhibiting are considerably lower. 

The ability of the process to extract mercaptans 
with a circulation of only 3-5 percent caustic-meth- 
anol keeps chemical consumption, pumping and util- 
ity costs for regeneration of reagents low. Combined 
chemical and utility costs average about 1 to ly 
cents per barrel treated for most gasolines. 

The possibility of a return on the investment 
usually makes Unisol treating more attractive to 
install than a conventional sweetening unit. Many 
gasolines contain more mercaptan than a conven- 
tional sweetening unit will successfully handle, mak- 
ing it necessary to remove part of the mercaptan by 
regenerative caustic extraction. In these cases 4 
Unisol unit will cost no more to install than the 
combined caustic extraction plus sweetening units. 

Many Unisol units ranging in designed capacity 
from 500 to 25,000 barrels per day now are operating 
and amply paving their way in improved product 
quality and reduced tetraethyl lead requirements 
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UOP Catalytic Dehydrogenation Process 





UNIVERSAL OIL PRODUCTS COMPANY 


, a UOP Catalytic Dehydrogenation Process, 
broadly speaking, covers the removal of hydrogen 
from hydrocarbons to produce less saturated hydro- 
carbons. Such hydrocarbons, depending upon the 
degree of unsaturation, are useful in the production 
of engine fuels and as basic materials in the syn- 
thesis of rubber, resins and various chemicals. Cat- 
alytic butane dehydrogenation means removal of 
hydrogen from butane to form butylene and hy- 
drogen. 

The catalytic butane dehydrogenation process pro- 
duces large yields of butylene due to the high effi- 
ciency of the catalytic reaction. The catalyst speeds 
up the desired primary reaction of dehydrogenation 
without a corresponding increase in the reactions 
which produce undesired secondary products. 

The reaction is carried out in reactor tubes con- 
taining a suitable catalyst at temperatures ranging 
from approximately 1000° F. to 1100° F. and pres- 
sures ranging from approximately 10 to 50 psi. 

The dry normal butane charge is heated to reaction 
temperature and introduced into the catalyst zone 
where it undergoes dehydrogenation, drawing the 
required heat of reaction from an external-circulat- 
ing flue-gas system. 

The material leaving the catalyst tubes is com- 
posed of unreacted butane, butylene, hydrogen, and 
a small percentage of other light gases such as 
methane, ethane, ethylene, propane, and propylene. 
It passes through the butane-charge heat exchanger 
into a gas, scrubber where it is cooled by a circulating 
oil stream and washed free of any entrained tar or 
coke. The gas then is compressed to 100-150 psi and 
discharged to the gas-recovery system for separation 
of the butane-butylene fraction from the hydrogen 
and light gases. 

In order that the processing may be continuous, 
the reactors containing the catalyst are built in pairs, 
and by means of suitable, automatically-controlled 
switch valves, one reactor is kept in service dehydro- 
genating butane, while the other is being reactivated 
by having the carbon burned off. 

The reactivating system is similar to the process- 
ing system and runs parallel with it. Its purpose is 
to furnish a reactivating gas of controlled oxygen 
content and sufficient volume to permit burning the 
carbon from the catalyst without reaching exces- 
sively high temperatures. 

The reactivating gas leaves the compressor and 
passes through a heat exchanger and heater; it is 
then directed by means of switch valves to the cat- 
alyst tubes in the spent reactor. The inlet tempera- 
ture is automatically controlled by firing valves on 
the reactivating-gas heater and is normally carriea 
at 800° F. 

The burning of the carbon from the catalyst pro- 
duces heat which must be dissipated. Part of this 
heat is removed by raising the temperature of the 
reactivating gas itself, the remainder by the external 
flue gas circulating system, 

The reactivating gas leaving the catalyst tubes 
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passes through a heat exchanger and into a gag 
washer, where it is cooled by water and then re 
turned to the compressor for recirculation. Excess 
gas, corresponding to the air added, must be dis- 
charged from the system in order to prevent a pres 
sure rise on the system. This gas is released by 
means of a pressure-control valve which maintains 
constant pressure on the system. 

The oxygen content of the reactivating gas is con- 
trolled between 1 and 3 percent to avoid excessive 
temperatures during the carbon-burning period. This 
is accomplished by means of an oxygen controller, 
which takes a continuous sample of the circulating 
reactivating-gas stream and determines the oxygen 
content. As this varies, the controller operates the 
inlet-air valve to admit the amount of air necessary 
to maintain the oxygen content at the desired figure, 

The circulating flue gas system, which serves to 
supply heat to the processing reactors and remove 
heat from the reactivating reactors, is composed of 
a blower, a heater, a stack, switch dampers and inter 
connecting ductwork. Part of the circulating flue gas 
passes from the blower through the heater, where 
it is mixed with hot combustion gases to bring it to 
the desired temperature, after which it passes in im 
direct heat exchange with the processing reactor. 
The other part of the circulating flue gas passes 
through the cooling duct, where it is either sprayed 
with water or mixed with cool air; it then passes 
in indirect heat exchange with the reactivating re 
actor. After passing through the reactors, the heat- 
ing and cooling flue gases combine in a common out 
let duct and return to the blower. Pressure on the 
circulating flue gas system is controlled by dis- 
charging excess gas to the stack. 

The, commercial catalytic dehydrogenation of nor- 
mal butane is usually carried out at a conversion of 
about 30 percent per pass in a recycle operation. 
The ultimate yield of butylene is 75 to 80 barrels 
per 100 barrels of butane converted. 

In practice, the butane-butylene fraction usually 
has been fed to an alkylation or a polymerization 
unit in which the butylenes are converted to alkylate 
or polymer for the production of high-octane gaso- 
line, while the unreacted butane is recovered for re 
cycling to the dehydrogenation unit. 

“The direct operating costs for the catalytic dehy- 
drogenation of 1000 barrels daily of normal butane 
are approximately as follows: 


Cents per 
ITEM Gallon of Butylene 

Operating labor, supervision, laboratory, etc. 99 
Maintenance and materials 60 
Utilities 70 
Taxes, insurance, administration and general overhead 70 
Catalyst 20 
Royalty 50) 





4.05 


The above estimated costs cover the dehydrogena- 
tion step only. Where further concentration 0! the 
butylenes is required, additional operating costs 
would be involved. 
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UOP Catalytic Polymerization Process 


UNIVERSAL OIL PRODUCTS COMPANY 


: UOP Catalytic Polymerization Process is 
one of the first of the many catalytic processes pres- 
ently being employed in the petroleum-refining in- 
dustry. The development of the catalytic polymeriza- 
tion process offers to the petroleum refiner a means 
for converting a portion of fuel gas produced in 
cracking operations into a high-grade motor gasoline, 
which increases the yield of gasoline obtainable from 
each barrel of crude oil processed. The process, in 
effect, then produces a finished gasoline of high 
value from a raw material which has the lowest 
value. 

Most generally the process is used to polymerize 
propylene and butylenes found in the gases produced 
from thermal or catalytic cracking of topped crudes 
or gasoils. Propylene and butylenes can be poly- 
merized either alone or in admixture, depending on 
the type of product desired. 

Polymerization of the butylenes in the absence of 
other olefins can be controlled to yield a product 
which on hydrogenation will rate 90-95 octane num- 
ber. This is referred to as a selective polymerization 
operation used to produce aviation-gasoline com- 
ponents. Polymerization of propylene and butylenes 
in a mixture for the production of a fuel which will 
be blended in motor gasoline is referred to as a non- 
selective operation. This is the most common of all 
polymerization operations. 

Propylene can also be polymerized separately to 
make either a motor polymer or a product rich in 
either C,, C, or C,, polymer, depending on operating 
conditions. In recent years the butylenes normally 
found in refinery gases have in some cases become 
more valuable when converted to other products and 
consequently many plants are being operated for the 
polymerization of the residual propylene. 

Briefly, the polymerization operation is one which 
contacting the olefin-containing feed 
stream with the catalyst at temperatures in the range 
of 350° F. to 475° F. and at pressures ranging from 
150 to 1200 psi. Processing conditions vary with the 
type of plant employed, with the feed stock processed 
and with the type of product desired. 

There are two types of units presently being used 
for carrying on the process of polymerization. The 
most commonly used design is referred to as a 
chamber type: In this unit the catalyst is contained 
in a vertical chamber. Catalyst is loaded in one or 
more chambers, each containing multiple catalyst 
beds of 5 feet to 10 feet in depth. 

Since the polymerization reaction is exothermic 
and the system in which the reaction takes place is 
essentially adiabatic, an increase in the temperature 
of the reactants results as they travel through the 
catalyst beds. In order to maintain the catalyst 
temperatures in the range considered most effective 
for good olefin conversion and catalyst life, it is de- 
sirable to control the amount of reaction that occurs 
in the catalyst chamber by the recycling of hydro- 
carbons which have been through the catalyst cham- 
bers. This recycle material, being low in olefin con- 
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tent, will act to dilute the olefins in the fresh feed 
It is possible in this manner effectively to limit the 
temperature rise through the reaction zone. 

The other, or reactor type of unit, employs heat 
exchanger type reactors. In this design the catalyst 
is loaded in vertical small-diameter tubes which age 
surrounded with a cooling medium to remove the 
heat of reaction. 

Reaction temperature control is therefore obtained 
by controlling the temperature of the cooling me 
dium, and in this manner the reaction approaches 
isothermal conditions. In this unit it is therefore pos- 
sible to process feeds of high olefin content without 
necessity for the use of recycle as in the case of the 
chamber-type unit. 

Reactor-type units are most commonly used when 
the feed to be processed is high in olefin content such 
as is the case for C, and C, fractions from catalytic 
cracking. Although the reactor installation is some 
what more complicated than the simple catalyst 
chamber, a compensating saving in plant size 1s 
effected by eliminating the need for handling a re 
cycle stream which can appreciably increase the total 
plant throughput in those cases where feed olefin con 
tents are high. 


Catalytic Polymer Properties 


Type of Plants Chamber Reactor Reactor 
Pressure psig 500 1000 1000 
Temperature °F. 370-365 100 450 
Feed Stock Cracking Butane- Propane- 

Plant | Butylene propylene 


Stabilizer (from Refinery from Re 





NetOverhead|) Gas Con- | Gas Con- 
Liquid centration centration 
System System 
Polymer Inspection: 
Gravity 64.0 64.3 624 
IBP 96 78 144 
10 Percent | 156 152 204 
30 Percent | 210 238 244 
50 Percent 235 258 266 
70 Percent 279 284 
90 Percent 366 379 330 
EP 430 416 402 
Ree. 97 95 ; 
RVP 9 11 4 
Average Polymer Properties: 
Bromine No. 130-150 
Induction Period: 
Clear 15 min. 
+ 0.025 Percent UOP No. 1 500-550 
+ 0.005 Percent UOP No. 4 450-500 
Copper Dish Gum 25 mgs. 
ASTM Octane Number Clear 82.5 
ASTM Octane Number +3 ec TEL 85.0 
Research Octane Number Clear 97.0 
Research Octane Number +3 cc TEL 100.0 
Polymer Blending Values: 
5-10 Percent Blends in Average Straight Run 
Gasoline . 110-120 
5-10 Percent Blends in Thermal Cracked 
Gasoline 95-100 
—————— —=>>er 





Following is an approximate utility requirement 
for a chamber-type polymerization unit producimg 
100 barrels per day of polymer: 





NI nS anon os te 2500 Lbs./Hr. 
| Ee Ore ers 250 GPM 
RiGee: Sei 6c Fa 15 KW © 
* Steam requirement can be reduced in proportion to ameoun' f hot olf 
available for heat exchange. 
Petroleum Refiner—l ol. 26, No. 





April, 7 








— 
> 








FRAC TIONATING 
COLUMN 


» 
— 





% 
, 


CONDENSER 











STEAM DISENGAGING | 


DRUM 











DRAIN 








BUTANE - BUTENE 
FROM TREATING UNIT 


> Js 


U.O.P CATALYTIC POLYMERIZATION UNIT - REACTOR TYPE 








TO REFINERY 
GAS SYSTEM 
Lt 


= 


CONDE NSER 








CATALYST 
TOWER 








fad 





me | 





x 
x 
ee 
x 
oS 


STABILIZER 
PACKED 
COLUMN 


vee 


rere" 
Wid 


CHARGE 
COMPRESSOR 


x 


OOO 
SX ™ 





xX 





a? 9, 


| 


REBOILER 


— 
x 
x 
xx 


- 





| 


WATER J 
MEASURING 
a 
TANK 
‘ f 


° 








a Ca 3 














DUA WATER fole)m@ a -. 
Vv L , 


INJECTION PUMP 





Vem ow we (em aalomm 10/41 4-iP4_0010)) Weel, (Rie el - | ee 





— — 





COURTESY, UNIVERSAL OIL PRODUCTS COMPANY 


April, 194 ~Process Handbook Section 








UOP Isomerization Process | 





UNIVERSAL OIL PRODUCTS COMPANY 


, UOP Isomerization Process was developed 
for the isomerization of normal paraffins to isoparaf- 
fins. This process has been used extensively for the 
isomerization of normal butane to isobutane which is 
one of the raw materials for making high-octane- 
gasoline blending component known as alkylate. The 
process is also applicable for the isomerization of 
normal pentane and hexane fractions for improve- 
ment of the octane number of these fractions. 

The process involves the contacting of a dry feed 
with a catalyst which contains aluminum chloride 
and hydrogen chloride. The catalyst is deposited on 
the quartz-chips packing in the reaction vessel and 
the activity of the catalyst is maintained at the de- 
sired level by the continuous introduction of fresh 
aluminum chloride dissolved in a portion of the 
liquid charge. Anhydrous hydrogen chloride is used 
as a promoter for the reaction and this material is 
recycled within the system to maintain the required 
concentration in the reaction zone. 

The liquid hydrocarbon and chemicals composing 
the combined feed are contacted in their passage 
through the reaction zone. In the isomerization re- 
action a minor secondary reaction takes place, 
namely, the formation of a viscous liquid sludge con- 
taining dissolved aluminum chloride and hydrogen 
chloride which spreads over the packing surfaces. 
The sludge thus formed continuously drains from the 
packing and separates from the butane stream below 
the catalyst zone in the bottom section of the reactor, 
and this small amount of material is drawn off inter- 
mittently to a neutralizing pit. The hydrocarbon 
effluent from the reaction zone, containing dissolved 
aluminum chloride and hydrogen chloride, then 
enters the aluminum chloride and hydrogen chloride 
recovery section. 

The isomerization reaction is slightly exothermic. 
The heat generated in the process is absorbed by the 
vaporization of some of the liquid passing through 
the reactor, and as a result the reaction is essentially 
isothermal. The process is operated at pressures in 
the order of 250-350 psi and temperatures of 190° F. 
to 220° F. 

The effluent from the reactor is fed to an aluminum 
chloride separation column where the net hydro- 
carbon product, together with recycled hvdrogen 
chloride is separated from the aluminum chloride 
which is concentrated in the bottoms stream from 
the column, consisting mainly of pentanes and nor- 
mal butane. 

The hot stream from the bottom of the aluminum 
chloride column containing between 1 and 3 pounds 
of aluminum chloride per barrel is returned to the top 
of the reaction vessel. Recycling aluminum chloride 
in this manner makes it possible to maintain a high 
concentration of aluminum chloride in the reactor 
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which could not otherwise be possible without exces. 
sive chemical consumption. A small portion of the 
bottoms stream from the aluminum chloride colump 
is withdrawn to a caustic-wash tower to reject con 
tinuously the small amount of pentanes formed im 
the process, which otherwise would build up in the 
system. 

The overhead from the aluminum chloride colump 
is fed to a conventional HCI stripper to separate the 
HCl from the net plant product. The HCl from the 
top of the HCI stripper is returned to the reactor asa 
recycle stream. The bottoms stream from the H@ 
stripper is caustic washed to remove any traces of 
hydrogen chloride before leaving the unit. 

The net product from the plant consisting of @ 
mixture of isobutane and normal butane is sent toa 
deisobutanizer where the unconverted normal butane 
is separated and returned to the isomerization unit. 
Since the isomerization unit normally operates if 
conjunction with an alkylation unit, the isobutane 
normal butane separation generally is carried out im 
the fractionation train of the alkylation unit which 
separates an isobutane-rich stream which in turn ig 
fed to the alkylation reactors. 

The isomerization of pentanes or hexanes is caf 
ried out in substantially the same manner as that de 
scribed for the processing of normal butane with the 
exception that in the processing of these heavier 
materials there is a greater tendency for the forma 
tion of sludge, and this must be counteracted by the 
injection of an inhibitor which serves to suppress 
secondary sludge-forming reactions. 


Typical Isomerization Results 
Normal Butane, Pentane and Hexane Feeds 





TYPE OF FEED n-Butane n-Pentane 





Operating Conditions: 
Reactor Temperature, °F. ' 190 180 
Reactor Pressure, psig... 250 250 
HCl in Reactor Feed Mol., Percent... . 7-10 7-10 


Product Analyses: 
Isobutane ere 50 
Normal Butane ; 48 
Isopentane Mak, Se 
n-Pentane : 5 ae ; 2 
Hexane and Heavier} 


Octane Ratings: 
Feed ASTM O.N. Clear... 
Product ASTM O.N. Clear 
3 cc TEL/gal. 





Catalyst Consumption: 
Lbs. AlCl3/bbl. iCa or iCs produced 
Lbs. HCl/bbl. iC4 or iCs produced 








Based on processing to produce 450 barrels p@ 
stream day of isomerized product, normal utility Te 
quirements would be approximately as follows: 

Steam 8000-9000 Ibs./hr. 

Cooling water 600- 800 gpm 

Electricity 
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UOP Paraffin Alkylation Processes 


a 





UNIVERSAL OIL PRODUCTS COMPANY 


Peléveduion of paraffins is a reaction in which 
an isoparaffin is combined with an olefin to produce 
a branched-chain paraffin hydrocarbon of higher 
molecular weight known as alkylate. 

Alkylate is a mixture of saturated, stable liquid 
isoparaffinic hydrocarbon that boils in the gasoline 
range. It has an ASTM octane number in the range 
of 88-93 depending on the conditions under which 
it is made and the character of the feed. 

Extensive use was made of the alkylation process 
during the war to produce a_ high-octane-number 
component of aviation gasoline. Although initially 
considered as a high-cost operation, many simplifica- 
tions have been achieved in the process which make 
it attractive for producing a high-octane gasoline- 
blending component for improved - quality motor 
fuels, 

The operation of this process is particularly attrac- 
tive in those cases where low-cost isobutane is avail- 
able in sufficient quantities to alkylate with available 
olefins. Although some isobutane is present normally 
in admixture with olefins in gases produced from 
thermal-cracking operations, it is not available in 
sufficient quantities to alkylate with the available 
olefins. In these cases isobutane must be made up 
from other sources such as separation from natural 
gas or isomerization of available normal butane. 
Light gases from catalytic cracking will in some 
cases, depending upon the conversion and type of 
catalyst employed, contain a relatively high percent- 
age of isobutane, sufficient in quantity to alkylate 
with a substantial portion of the butylenes and pro- 
pylenes available. In such instances the alkylation 
process is well suited to operate in conjunction with 


catalytic cracking to obtain the maximum yield of 
high-octane gasoline. 

The COP Paraffin Alkylation Process is a cata- 
lytic process utilizing either hydrofluoric acid or 


surfuric acid as the catalyst. The materials which 
enter into the alkylation reaction are isobutane and 
olefins. The olefins ordinarily employed are butylene, 
propylene, and amylene. These olefins can be re- 
acted with isobutane individually or collectively, de- 
pending on their availability. 

When isobutane is alkylated with butylenes, the 
volume of isobutane should be approximately 20 per- 
cent greater than the volume of olefin, yielding 160 
percent by volume of rerun alkylate.The yield of 
alkylate and the consumption of isobutane will vary 
slightly, depending on the type of olefin alkylated. 

In order to favor the alkylation reaction and mini- 
mize side reactions such as polymerization, the feed 
to the alkylation reactor is provided with an excess 
of isobutane over and above that required for alky- 
lating the olefins. This is accomplished by recycling 
a stream rich in isobutane. The higher the ratio of 
isobutane to olefin in the feed to the reaction zone, 
the higher the yield and quality of the alkylate pro- 
duced, Economic considerations and product quality 
requirements will determine the ratio used. For most 
cases the recycle of isobutane should be such as to 
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provide five to ten times as much isobutane as olefin 
in the total feed to the reactor. 

The alkylation reaction is carried out at tempera- 
tures in the range of 45° F. to 100° F. The lower 
temperatures are employed when using sulfuric acid, 
since operating temperature influences product yield 
and quality as well as catalyst life. This relation 
does not apply when hydrofluoric acid is used ; there. 
fore, the reaction may be carried at the higher tem- 
perature when using this catalyst. The operating 
pressure is such as to maintain the reaction mixture 
in a liquid phase. 

The reactor system used for this process provides 
for the intimate mixing of the dry hydrocarbon feed 
with the catalyst as well as cooling of the reaction 
mixture to remove the heat liberated by the reaction. 

After completion of the reaction in the reaction 
zone, it is necessary to separate the total hydrocar- 
bon reaction mixture from the catalyst as well as 
to separate the alkylate product from isobutane re 
cycle and the hydrocarbons, such as normal butane 
and propane, which do not enter into the reaction. 

Because of the difference in physical characteristics 
of the hydrofluoric acid and sulfuric acid catalysts 
which may be used for promoting the reaction, the 
design of the unit will differ somewhat in the meth- 
ods for contacting and separating the catalyst from 
the hydrocarbon mixture, depending on the catalyst 
used. 

In the alkylation process one of the important 
operating variables is the strength of the acid. Since 
the acid catalyst in service becomes contaminated 
with dissolved tars, it is necessary to continuously 
replace a portion of the acid catalyst with fresh 
material to maintain a desired level of acidity. When 
sulfuric acid is used as the catalyst the acid strength 
is maintained by introducing fresh high-strength acid 
and discarding spent acid, which can be used for 
other operations in the refinery, such as gasoline 
treating. Since hydrogen fluoride has a vapor pres- 
sure slightly higher than isopentane, it can be puri- 
fied by a distillation step to effect the separation from 
the heavy hydrocarbons. The hydrofluoric acid putt- 
fication is carried out on a continuous basis, return- 
ing the purified acid to the reaction zone to maintain 
the desired acid strength. 


Catalytic Ninian tedMirwe Results 


— oo 














oo wslenes | Am — | 
from from 
Catalytic | Catalytic 
FEED STOCKS Cracking Cracking | Propylene 
__ 
Operating Conditions: | 
Isobutane-Olefin Ratio | 5:1 10:1 | 10:1 
; | 90 co | # 
Reaction Temp.—°F. [H2SO. | 45 45 90 
Acid-Hydrocarbon Ratio 1:1 1:1 1:1 
Acid Strength | 87-90 | 87-90 87-90 
Product Quality: | | 
Octane Number ASTM Clear 92 89 88 
E.P. 350 350 350 " 
RVP 45 23 | a 
Conversion Factors: 16 
Vol. 350° EP Alky./Vol. Olefins 1.6 1.6 1 
Vol. 350° EP Alky./Vol. Isobutane | 1.25 11 ; 
Catalyst Consumption: 
Using HF as catalyst—Gallons Alkylate tb | 60 
Acid 85 60 
Using H2SO, as Catalyst—Gallons Alkylate/th| 05 
Acid 2.0 0.5 
u —_ —=> = 
, — 
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UOP Thermal Cracking Process 





UNIVERSAL OIL PRODUCTS COMPANY 


Tax thermal cracking process is probably the best 
known process employed by the oil-refining industry. 
It is of the widest application, both geographically 
and practically. Thermal cracking is in successful use 
in every country where oil is refined, and it is pro- 
ducing good gasoline from every variety of charging 
stock, from naphthas to the heaviest crudes and 
residual oils. 

Universal Oil Products Company invented and de- 
veloped the first cracking process that could convert 
heavy oils to produce maximum yields of gasoline. 
For more than 25 years this company’s engineers 
have been designing, servicing and improving crack- 
ing equipment in order to make the process more 
serviceable to refiners of both large and small ca- 
pacity. 

Thermal cracking produces butylenes and propyl- 
ene which can be polymerized to produce polymer 
gasoline of high octane number for use as a blending 
fluid to improve the quality of other gasolines. 

The ideal equipment for thermally cracking topped 
or reduced crudes is centered about the two-coil 
cracking unit designed for optimum results when 
producing high-grade cracked fuel oil residuum. 

The two-coil cracking unit is shown in the accom- 
panying flow diagram. 

The topped or reduced crude charge is introduced 
to the side of the fractionating column where it is 
contacted with the vapors from the flash chamber. 
The overhead product from the fractionating column 
is end-point gasoline. Furnace or tractor distillates 
are withdrawn as side cuts and stripped to specifica- 
tions. From a lower side-cut tray a higher-boiling dis- 
tillate comprising the lower-boiling fractions of both 
the recycle and charging stocks is withdrawn as 
charge to the light-oil heater. The charge to the 
heavy-oil heater is withdrawn from the bottom of 
the fractionating column, and consists of the highest- 
boiling fractions of both the recycle and charging 
stocks. 

The transfer lines from the two heaters enter the 
top of a downflow reaction chamber. This chamber 
is operated without a liquid level, all products being 
withdrawn from the bottom through a pressure con- 
trol valve. 

The mixture leaving the reaction chamber after 
suitable quenching enters the flash chamber in which 
a fuel oil residuum of the desired properties is sepa- 
rated. 

With the development of the U.O.P. 
heater and its incorporation into the two-coil selec- 
tive plant described above, it is possible to obtain 


Equiflux 
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temperatures as high as 920° F. in the middle of the 
reaction chamber. With a reaction chamber operation 
at this temperature level the heavy charge is sub- 
jected to a far greater time-temperature action than 
can possibly be achieved without the use of the re- 
action chamber as a means of viscosity breaking. As 
a result, yields are improved, and at the same time 
plant costs are reduced due to the greatly increased 
cracking rates obtained at high temperatures. 

Cracking residual stocks at high temperature levels 
has a further advantage resulting in cracked fuel oils 
of maximum stability and minimum sediment con- 
tent. These properties are direct functions of the 
average temperature level of cracking, and in the 
modern two-coil unit the average temperature of the 
entire reactor chamber is greater than the maximum 
temperature ordinarily attained in coil-only viscosity 
breaking. 

Similar results to a lesser degree may be obtained 
in a single coil and reaction chamber unit in which 
the charge passes through the heater with all of the 
recycle stock. 

To illustrate the comparative results obtained in 
various methods of processing, the following yields 

presented as representative results when charg- 
ing a typical 25° API Mid-Continent reduced crude 
having a viscosity of 20 S.F.S. at 122° F. In consider- 
ing these results, it must be remembered that not 
only the gravity but also the viscosity of the charge 
are important in determining yields. 


are 


TABLE 1 


Yields from 25° API Mid-Continent Reduced Crude in 
Residuum Operation 

















Maximum Maximum 
Gasoline Furnace Oil 
Percent by volume of charge: 
Gasoline, 400 E.P., 10 RVP 53.5 38 
Furance Distillate 23 
Fuel Oil 37.5 34 
Liquid volume loss 9 5 
Gas, cu. ft/bbl. 500 290 
Octane number (A.S.T.M.) 69-70 68-69 
Fuel Oil, vis. S.F.S. at 122 °F. 200 200 
Fuel Oil, gravity, °API mere : 7 8 
Percent Catalytic Polymer Gasoline, 10 RVP 5 3.5 
Percent Total Gasoline, including Polymer 58.5 41.5 
Octane Number of Total Gasoline 71-72 70-71 





It should be noted that the cracked gasoline yields 
of Table 1 are reported on the basis of 400° F. end 
point and 10-pound Reid vapor pressure. On the basis 
of total butane-butylene retention in the gasoline the 
yields would be increased approximately 4 percent 
and 3 percent, respectively. The yields of catalytic 
polymer gasoline shown in the table are on the basis 
of polymerizing 80 percent of the propylene and 
butylenes formed in the cracking operation. 
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UOP Thermal Reforming Process 





UNIVERSAL OIL PRODUCTS COMPANY 


‘Sane UOP Thermal Reforming Process has had 
such wide and successful application in all parts of 
the world that it ranks with thermal cracking as 
one the best known processes in the petroleum- 
refining industry. This process converts low-grade 
gasolines and naphthas into high-octane gasoline by 
subjecting the charging stock to heat treatment un- 
der controlled time, temperature and pressure con- 
ditions. The process is flexible, not only in its ability 
to process various stocks, but also as to quality and 
quantity of products which can be made from those 
stocks. 

Thermal reforming produces butane-butylenes and 
propane-propylene which can be polymerized to pro- 
duce a high-octane polymer gasoline which is an 
excellent blending material for improving the quality 
of other gasolines. The residuum produced by this 
operation has a high calorific value, and can be mar- 
keted as fuel oil. 

As shown by the accompanying flow chart, a 
straight-run gasoline or naphtha fraction is charged 
to a heater wherein the reaction time, pressure, and 
discharge temperature are controlled to produce the 
desired products. The effluent from the heater passes 
through a pressure-control valve where the pressure 
is reduced. A quench stream from the fractionator 
is introduced after the control valve to reduce the 
temperature of the effluent and minimize coking. 

The quenched products enter a combination flash 
chamber and fractionating column wherein the gas 
and gasoline are taken overhead, and the small amount 
of bottoms produced is removed from the lower por- 
tion of the vessel. A cracked-naphtha side-cut from 
this column is used for quench and heat-exchange 
duty. Naphtha side-cuts may be withdrawn if de- 
sired. 

The overhead products from the fractionator are 
cooled, and the condensed, unstabilized gasoline is 
sent to a stabilizer to produce the desired vapor 
pressure. If polymerization of the gases evolved from 
the cracking operation is desired, an absorber for the 
receiver gases plus deep stabilization of the gasoline 
is employed to provide maxtmum recovery and utili- 
zation of polymerizable olefrns available. 

The bottoms withdrawn from the flash-chamber 
portion of the reformer column are further flashed 
in a residuum stripper. Light material removed from 
the residuum at this point is condensed and returned 
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to the fractionating column, whereas the residuum js 
sent to storage for subsequent disposal as fuel oil, 
The properties of the residuum are regulated by 
suitable control of the reflux to the stripper. 

A typical result when reforming a 53° API Mid- 
Continent straight-run naphtha is shown in the fol-. 
lowing tabulation. It must be realized in considering 
these results that the yields and octane-rating im- 
provement that can be derived from thermal reform- 
ing are dependent upon the characteristics of the 
charging stock. In order to design thermal reforming 
equipment for any refiner, his entire situation must 
be carefully analyzed and studied, not only from 
the standpoint of charging stocks available, but also 
from that of market requirements. 


Thermal Reforming of Mid-Continent Naphtha 
Charging Stock 


Gravity “API 53.0 
Octane rating, ASTM (F-2) clear 40.5 
Characterization factor 11.96 
100 ml. distillation 
1.B.P. °F. 208 
10% 263 
50% 314 
90% 367 
E.F. Pr. 389 
Products 
Gasoline: 
Yield, vol. % of charge 81.3 
Gravity, °API 56.1 
Reid vapor pressure, lbs. 10.0 
i100 ml. distillation 
I.B.P. °F. 93 
10% 145 
50% 270 
90% 360 
tt dig 398 
Octane Ratings: 
ASTM (F-2), clear 70.2 
+3cc. TEL/Gal. 81.9 
Research (F-1), clear 78.2 
+3 cc. TEL/Gal. 91.3 
Residuum 
Yield, Vol % of charge 42 
Gravity, “API 18.2 
Gas 
Yield, Wt. % of charge 15.3 
Cu. Ft./Bbl. of charge 467 


The normal utilities required to operate a thermal 
reforming unit based upon 1000 barrels per stream 
day are approximately as follows: 

Steam (150 psi.) 

Fuel 

Cooling water 
Electricity 


1400-200 Ib./hr. 
9-10 & 10° Btu/hr. 
400-500 GPM 
10-15 KW 
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Vapor Recovery Process 





FOSTER WHEELER CORPORATION 


‘Ee three refinery operations, absorption, debu- 
tanization, stabilization and reruning were, until re- 
cent years, three separate process units and were gen- 
erally located in different parts of the refinery. How- 
ever, the modern trend is to combine these processes 
in one self-contained unit, thereby affecting substan- 
tial reduction in labor and utility costs and initial 


capital expenditure. 
In the diagrammed typical vapor-recovery unit, 
employed very successfully to process fluid catalytic 


cracking unit products, the gas and liquid charge is 
united in the charge tank. C,’s and lighter are re- 
moved from the system as gases from the top of the 
absorber with the heavier gaseous products being ab- 
sorbed by the lean oil and returned to the charge 
tank. The total liquid is then charged to a high-pres- 
sure still where the naphtha is partially stabilized 
and charged to the low-pressure still for complete 
stabilization. The net overhead product from both 
the high- and low-pressure stills are joined in the 


a 


high-pressure still accumulator and constitute the 
charge for the rectifier and debutanizer. 

The high- and low-pressure still system is installed 
in place of a single still in order to avoid the use of 
high-pressure (600 psig) steam for reboiling. 

Under this system the total overhead steam ig 
condensed at 100 psig and the stabilized bottoms 
product reboiled at 30 psig. This permits the use of 
100-psig steam in the reboilers and normal plant 
cooling water in the condensers. The bottoms product 
from the low pressure still is a 2-pound R.V.P. gaso 
line, part of which is used as lean oil in the absorber 
and recycled to that tower after being cooled to 90° F, 

The net overhead product from the still system is 
charged to the rectifier from which propane is taken 
as the overhead product. The bottoms from this tower 
is charged to the debutanizer, the last tower in the 
vapor recovery system. The overhead product, a 
butane: butane cut, is a valuable stock for poly- 
merization and alkylation. The bottoms product is a 
debutanized light gasoline fraction. 
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THE FLUOR CORPORATION, LTD. 


5 glycol-amine process for the purification and 
dehydration of a gas represents a continuous opera- 
tion of two established processes. Aqueous solutions 
of the ethanolamines are capable of absorbing CO, 
and H,S at atmospheric temperatures. When the so- 
lutions containing the acidic constituents are heated 
to their boiling points, these components are expelled 
from the solution. Similar use of diethylene glycol 
in the removal of water vapor from a gas stream led 


to a study for the combination of these two processes 
for the purification and dehydration in one unit. 


The combination of these two principles as de- 
veloped by The Fluor Corp., Ltd., provides a process 
for simultaneous acid gas removal and dehydration 
wherein the ethanolamine and diethylene glycol are 
included in the same solution. However, the combina- 
tion feature, whereby both purification and dehydra- 
tion may be accomplished in one stage, is not the 
only advantage of the process. A glycol-amine solu- 
tion may be regenerated more completely than an 
aqueous amine solution, thus permitting the attain- 
ment of higher purities in the gas being treated. At 
the same time, a glycol-amine solution with the same 
water content as a diethylene glycol solution will de- 
hydrate the gas to a slightly greater degree than the 
latter. 

The flow diagram on the opposite page represents 
a typical application in the treatment of a sour-gas 
stream. Sour gas is introduced into the bottom of the 
absorbing column, the contactor. As it passed upward 
through the bubble trays it is thoroughly contacted 
with the glycol-amine solution which enters at the 
top of the vessel. The outlet gas, free of the CO, and 
H,S and dehydrated, leaves the top of this column. 
The rich solution containing the absorbed acid gases 
leaves the bottom of the contactor and passes through 
a bank of conventional heat exchangers, where the 
temperature of the solution is raised. The rich solu- 
tion then enters the regenerating column, the still. 
As it flows down over the bubble trays in this column 
it is contacted with the rising stripping vapors, thus 
stripping the solution of the acidic constituents. The 
solution from the bottom tray of the still enters a 
reboiler wherein it is boiled to provide the stripping 
vapor for the column. The overhead stream of acid 
gas and water vapor from the still passes through a 
condenser, and the resultant mixture is separated in 
an accumulator, the acid gases passing overhead from 
this vessel and the condensate being returned to the 
still as reflux. The regenerated lean glycol-amine 
solution leaves the bottom of the still, passes through 
the exchangers, and is pumped back through coolers 
to the top of the contactor, thus completing the cycle. 

When using an aqueous monoethanolamine solu- 
tion it is possible to operate the still at higher than 
atmospheric pressures and gain somewhat more com- 
plete regeneration insofar as CO, is concerned, al- 
though increased pressure usually is detrimental in a 
stripping operation. In this particular case the disso- 
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Glycol-Amine Gas-Treating Process 


ciation of the monoethanolamine carbonate increases 
sufficiently with the increased temperature caused by 
the additional pressure to overcome the adverse 
effects of the increased pressure. Such is not the case 
with H.S and the stripping of this constituent is less 
complete at an elevated pressure. 


The addition of glycol to the solution increases the 
boiling point without necessitating an increase in 
pressure in the regenerating column. Thus, in the 
case of a glycol-amine solution the adverse features of 
increased pressure are not encountered, and both CO, 
and H,S may be stripped completely from the solu 
tion. 


The maximum purity obtainable on any gas isa 
function of the pressure and temperature at the top 
of the acid-gas-absorbing column and the amount of 
acid gas remaining in the stripped solution. It is ob 
vious that higher purities are attainable by the use of 
the glycol-amine solution than by the use of an 
aqueous monoethanolamine solution, since the former 
may be more completely stripped. This is particu 
larly important when considering low H,S specifica- 
tions for treated gas. A difference of but a few grains 
of H,S in the regenerated solution may mean the 
difference between meeting and not meeting the spec 
ified purity. The fact that glycol-amine solutions may 
be so easily stripped is one of the major advantages 
of the process. 


Although the process originally was developed to 
accomplish simultaneous acid-gas removal and dehy- 
dration, its application is not limited to this use. If 
dehydration is not required, the glycol and water con- 
tents of the solution may be adjusted so as to meet 
residue-gas specifications. Adjusting the concentra 
tion of these two components allows setting the re 
generation temperature to obtain the required degree 
of acid-gas stripping. 

Typical solution compositions employed in the 
glycol-amine process may be comprised of from 10 
to 30 percent monoethanolamine, 45 to 85 percent 
diethylene glycol, and 5 to 25 percent water. The 
ability of adjusting components of the glycol-amine- 
water solution to attain required results permits flex- 
ible operation. A wide range of specifications fof 
treated gas purity and water content may be met by 
using this process. Sour natural gas may be treated 
readily so that the residue gas will contain less than 
0.25 grains of H,S per 100 cubic feet, which is less 
than 0.0004 mol-percent of H,S in the gas. 


Although the glycol-amine process was originated 
for simultaneous purification and dehydration of gas, 
its use for acid-gas removal only is constantly m# 
creasing with the more rigid specifications in gas 
purity. Consequently, the full contribution of this 
process to industry is yet to be realized. 


This description of the process and the flow dia 
gram opposite were provided by The Fluor Corpofé 
tion, Ltd., Los Angeles. 
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For All Refinery Furnace Fittings 


@ Bring your problems in refinery fittings to a specialist . . . bring them to Sivyer. 
Here, from one source, you can get fittings of any kind and in any quantityfor 


all applications. At Sivyer we have a special refinery division, ready to apply years 


of experience and skill in providing pressure fittings to meet your exact needs. 
From molding to final inspection, all Sivyer Steel Fittings are carefully checked 


and tested by competent metallurgists. Each fitting must pass Sivyer’s exacting re- 


quirements for close dimensional accuracy, and integrity of metal before it can 


carry the Sivyer diamond—the mark worth looking for. 


I 
Mule Ear Top 


Screw Plug-Gasket 


Safety Mule Ear Top 
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sia Hortonsphere is the logical pressure container for 
mocks utan , butane-propane mixtures, refinery charging 
and volatile grades of natural gasoline. It provides pro- 
ostly- evaporation losses, a redaction in’ fire 
oer-barrel cost for storage, maximum econa 
mor Pena lity in operation . . . advantages that mean 
: pay ts for oil companies. Standard sizes are available up 
% in diam, for pressures up to 50 lbs. per sq. in. 
fizes a:e built for working pressures as high as 150 lbs. 
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SMALL TRAP 


Little? Sure. But what a giant’s job they do! 


That’s how petroleum men judge Yarway Impulse 
Steam Traps. 


Yarways are well suited for refinery work. The small 
size itself is an important feature. They are easy to 
install, fit in anywhere, require no special supports. 


In service they drink condensate, discharging contin- 
uously on heavy loads, at short intervals on light loads— 
providing maximum heat in the shortest time, and 
keeping equipment at top efficiency 

Yarways are suitable for all pressures without change of 
valve or seat. Simplicity of construction (only one moving 
part) minimizes maintenance. Also, initial cost is low. 


Try some Yarways today—standardize on them to- 
morrow. See your nearest Supply House or write for 
Yarway Bulletin T-1739. 


YARNALL-WARING COMPANY 
128 Mermaid Avenue, Philadelphia 18, Pa. 
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Are the First Choice for Liquid Level Control 





Throughout the petro-chemical industry Masoneilan 12,600 displacement-type controllers 
are practically standard for liquid level control. The reason... these controllers provide 
positive, accurate control of liquid level and give long-lived service. The control mechanism 
is designed to assure extreme sensitivity to minute changes in level. Control action is always 
clearly indicated and procedure to reverse action is simple. 


Look into Masoneilan 12,600 level controllers for your level control applications. They will 
meet all usual requirements for level control including interface service and remote level 
indication. Standard ranges are 14 inches to 15 feet. 


Masoneilan Features 


Knife Edge and Flexure Bearings. The lost motion 
and friction is reduced to such a point by the use of knife 
edge and flexure bearings that the response to minute 





changes in level is practically instantaneous. 


Displacer Hanger. The displacer is suspended to 
the torque arm without the use of screws or pins. The 
construction of the hanger minimizes friction and is 
fabricated of stainless steel for long life. 


Over-travel Stops. Stops are provided on all ranges 
to protect the torque tube from over-travel. 


Left and Right Hand Case Mounting. The case 
mounting can be reversed in the field without the re- 


placement of any parts. 


interface Level Control. The No. 12,600 is particu- 
larly well adapted to interface control, possessing both 
responsiveness and a wide gravity range so essential to 
this type of service. The standard unit may be used 
without alteration for gravity differences as low as 0.1. 


Unit Assembly. The proportional mechanism, the 


pilot and the air manifold, which constitute the con- 
trol mechanism, are complete sub-assemblies and are 
independent of the case. 


Pilot. The large capacity pilot is fastened directly to 
the air manifold by means of two screws, eliminating 
all air tubing connections and facilitating removal. 
Simplified construction permits disassembly in the 
field for cleaning. 


Air Passages. All air passages are bronze (manifold) 
or copper (tubing, bellows, etc.), preventing the 
formation of rust or scale beyond the air filter in the 
supply line. 


Control Setting Scale. A micrometer setting knob 
provides smooth and positive adjustment of the control 
point setting through the full level range. The control 
setting scale indicates the direction of rotation for 
raising or lowering the level. 


Specific Gravity Scale. Two calibrated specific gravity 
scales with adjustments either from 0.5 to 1.2 sp. gr. or 
from 0.8 to 2.0 sp. gr. 


MASON-NEILAN 


St. Louis . 


New York ° 


Chicago + 





Philadelphia 





1182 Adams Street, 


° Houston ° Buffalo . Pittsburgh . Tuisa 
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= if and as crude oil is not sufficient, 
natural gas will supplement the supply, with coal 
next in line. Industrial developments already un- 
derway point to this order of events. Discussion 
of the relationship involves the 
prospect of creating the mistaken 
impression that investigations of 
gas and coal are admissions that 
oil is no longer in ample supply. 
What the events really mean is that industry is 
planning ahead of actual needs. 


Gas and 
Then Coal 


Natural-gas reserves are sufficient for a dozen 
years of motor-fuel consumption at the current 
level, admittedly but a moment in the life of a 
nation. There is coal sufficient for a thousand 
years, and, in addition, shale reserves are of such 
magnitude that those who speak of a day when 
there will be no fuel for the internal-combustion 
motor are pitifully short in faith and the power of 
imagination. 


Conversion of natural gas into motor fuel, diesel 
oil and alcohols is at the threshold of commercial 
status with two plants under construction. Now 
coal, which will be processed by adaptation of 
methods used on natural gas, is at the pilot-plant 
stage with commercial expansion contemplated. 

Pittsburgh Consolidated Coal Company will 
build the pilot plant to process 50 tons of coal daily 
into 2,400,000 cubic feet of synthesis gas, which 
can be converted either into motor fuel and other 
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liquid products or into a product similar to natural 
gas. It is significant that Standard Oil Develop- 
ment Company and Hydrocarbon Research, Inc., 
are cooperating in this coal program and it is 
known that other oil companies are pursuing ex- 
periments in coal gasification, the first step in its 
conversion into liquid. 

Further development of this program can be 
appreciated by this part of the statement from 
Joseph Pursglove, Jr., vice president of the com- 
pany: 

“One single large (commercial) plant of the 
size being considered could yield a gas of high heat 
value in quantities equal to the output of the Big 
Inch and the Little Big Inch pipe lines and create a 
local source of gasoline, diesel and other fuel oils 
and a certain amount of alcohols.” 

Flexibility of such a plant offers this prospect: 

“It could be arranged to produce 400,000,000 
cubic feet of gas per day in the winter months and 
reduce this to half that quantity during the sum- 
mer months when the plant would be set up to 
produce larger quantities of gasoline. Such a plant 
would produce an estimated 14,000 barrels of high- 
octane gasoline per day during the summer season 
when consumption is highest.” 

The coal company anticipates building a com- 
mercial plant by 1950-51, its cost estimated at 
$120,000,000. Cost of motor fuel from, coal is calcu- 
lated at 3 to 4 cents per gallon higher than motor 






71 















fuel 
thar 
E: 


FROM FLARES TO FURNACES |: 


plate 
conv 
will 
be c 
sired 
Ay 
date 
catic 
oper: 
Alab 
the 
deve 
pros) 


: am signi 
Fu 
prod 


fields 
plate 
Wha 
meat 
crude 
reco\ 
It 
over 
publi 


iF 
the 
cal |} 
J. K. 
Sour 
Of 








tive) 
in the 
great 
there 







nd Ch 
’ Industries 
and a 


* 
proba 


P.O. BOX 2634 . Bice 
HOUSTON 1, TEXAS ticula 


Use o 
by 19 


snce wasted and mak 





p speed 

ble to heat homes;; consy 
: ish ise s 
humb 





time 


af T, Eme. |° 
i i yy * be he 


“Tn 


72 Petroleum Refiner—V ol. 26, No. # April, 1: 


fuel from natural gas, which is more expensive 
than motor fuel from crude oil. 

Engineering accomplishments and experience 
will bring reduced costs, an accomplishment com- 
mon to processing ventures. What is now contem- 
plated is a venture wherein coal will be mined and 
conversion into carbon monoxide and hydrogen 
will take place at the surface. These in turn will 
be converted into liquids or into fuel gas as de- 
sired. 

Apart from the project of Pittsburgh Consoli- 
dated Coal Company is the prospect of coal gasifi- 
cation underground, thus avoiding plant cost and 
operation for the production of synthesis gas. In 
Alabama coal is being burned in place to determine 
the feasibility of gas production. Although this 
development is far from commercial status its 
prospects are such that the cost advantage is 
significant. 

Furthermore, if coal can be burned in place to 
produce a gas for raw material, oil in depleted 
fields can be so used and experiments are contem- 
plated in this phase of hydrocarbon recovery. 
Whatever the method, it can be accepted that 
means will be perfected for going back to get the 
crude oil that present producing methods will not 
recover. 

It all shapes to assure this nation that worry 
over sources of liquid energy need not wrinkle the 


public brow. 


rR THEIR paper before the annual meeting of 
the American Institute of Mining and Metallurgi- 
cal Engineers in March Robert E. Wilson and 
|. K. Roberts, Standard Oil Company (Indiana) 
classed petroleum as an industry 
due for continued growth for these 


Sources 
reasons: 

“Although improved design will 
increase the efficiency of (automo- 
tive) engines, this advantage will be taken largely 
in the form of greater driving flexibility, instead of 
greater mileage per gallon; and with better roads 
there will be more driving per car, and at higher 
speeds. It is therefore expected that the annual 
consumption of gasoline per car will continue to 
tise slightly. Commercial vehicles will increase in 
number at an even faster rate than passenger cars, 
and annual use of gasoline per commercial vehicle 
probably will increase by 30 percent by 1970. 
Diesel equipment will be used more widely, par- 
ticularly on the railroads and for sea-going vessels. 
Use of oil heaters for homes is expected to double 
by 1950, and almost to treble by 1970, by which 
time more than 20 percent of the one- and two- 
family homes in the areas using central heat will 
be heated by oil. 

“Increases in these methods of using liquid fuels 


Of Supply 


April, 1947 Gulf Publishing Company Publication 


will be the principal factors in an anticipated 1970 
demand for 2,600,000,000 barrels of crude oil or its 
equivalent—56 percent more than the 1945 de- 
mand.” 

As for sources of supply for this growing de- 
mand, the accepted proposition that “the more- 
easily-found oil has been discovered,” leaving 
natural gas and coal as next in line with the fol- 
lowing analysis: 

“Known natural-gas reserves would supply all 
our gasoline requirements for about 12 years, but 
of course will not be used entirely for this purpose. 
For an additional 3 or 4 cents per gallon, however, 
gasoline can be made from coal by a modification 
of the same (Fischer-Tropsch) process and the 
U. S. coal reserves are adequate for a thousand 
years. Gasoline from coal is expected to enter the 
picture ahead of gasoline from oil shale or tar 
sands (except possibly for local needs in limited 
areas) and is expected to become a factor by 1970, 
earlier if such processes as underground gasifica- 
tion of the coal substantially reduce the costs. 
Motor fuel from farm products are too expensive 
to be seriously considered, and with the perfecting 
of the gasoline-from-coal process are not necessary 
for the national defense.” . 


= agriculture, petroleum is playing the dual 
role of life for crops and death for weeds. 
In the one it finds its way into fertilizers. Natu- 
ral gas by conversion gets into ammonia, a basic 
chemical for growth aid. As ethylene it 
Dual speeds the ripening of fruit. And there are 
scores of other adaptations, so many in 
fact that the industry is setting up its lab- 
oratories to expend its sales in the agri- 


cultural field. 

Then as a destructive fluid, solvents take their 
toll of weeds, while giving no harm to certain food 
crops. 

Since the American farm is rapidly shifting to 
motor-driven equipment, the role of oil is in reality 
triple. 


Ta THE annual report of Cities Service Oil Com- 
pany, W. Alton Jones, president, pointed out that 
extension of petro-chemical processing faces the 
barrier of taxation, saying: 

“The development of these chemi- 
cal by-products and markets will 
require enormous expenditures of 
money. The money can come only 
out of earnings or from new capital 
investments. Heavy taxes impair both these 
sources. A discriminatory tax affects the natural 
progress of the industry and, more importantly, 
deprives the public of the benefits of new products 
and services essential to an expanding economy.” 
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Utilization of Natural Gas 
For Chemical Products 


HAROLD M. SMITH 
Principal Petroleum Chemist 


and 


W. C. HOLLIMAN 
Research Chemist (Petroleum) 


Petroleum Experiment Station, United States 
Bureau of Mines, Bartlesville, Oklahoma 


A MONG the more important raw materials now 
utilized for the commercial production of synthetic 
organic chemicals is natural gas. Natural gas has 
been used as a fuel and source.of energy almost from 
its discovery, but its potentialities as a chemical raw 
material were not realized until recently. 

Research in the use of natural gas for chemical syn 
thesis received great impetus from the discovery by 
Brooks and Humphrey’ in 1918 of alcohols in the 
diluted “acid oil” obtained by sulfuric acid treatment 
of cracked petroleum distillates. Experimental data 
soon showed that hydrocarbons from natural gas 
could be converted to these same products. Labora- 
tory methods for chlorination of natural-gas hydro- 
carbons, particularly of methane for the production 
of methyl chloride, methylene chloride, carbon tetra- 
chloride, and chloroform were known before that time 
but were not developed commercially. Methods for 
obtaining alcohol by oxidation of hydrocarbons de- 
rived from natural gas also were known before 1918 
but had not received commercial consideration. Since 
1918, and particularly during the past 15 years, the 
work of chemists and chemical manufacturers 
throughout the world has resulted in an accumulation 
of data regarding the reactivity of natural-gas hydro- 
carbons, and related hydrocarbons found in refinery 
gases or made synthetically. These data have been 
used to develop methods for converting hydrocar- 
bons into chemical products and thus form the basis 
lor a large and growing industry. 

Wartime demands for chemicals during 1939-1945 
gave impetus to this development, especially to the 
application of engineering technology to methods al- 
ready known in the laboratory but which had not 
been developed commercially. The production of plas- 
ties as substitutes for rubber and silk; of ammonia, 
glycerine, toluene, and nitroparaffins for use in ex- 
plosives ; of synthetic rubber; and of aviation gaso- 
line are examples of this technologic growth. The de- 
mand for these products required new sources of raw 
materials, and as a result many processes were de- 
veloped and plants constructed to utilize natural gas 
and other petroleum hydrocarbons. With the cessa- 
tion of hostilities, the conversion of these plants and 
Processes to peacetime activities has been rapid. Ad- 
ditional postwar construction of plants for chemical 
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| * paper was released in March, 1947, as Information Cir- 
cular 7347 of the United States Bureau of Mines. In addition to 
the complete manuscript and pertinent bibliography, the circular 
offers 218 selected references, many of which were given in the 
extensive bibliography of Weil and Lane in their four: recent 
articles “The Synthine Process” in Petroleum Refiner. For that 
reason these references are not reproduced here. 

Although the chemicals either being made or known to be pos- 
sible from natural gas make an impressive list, the extent to 
which this raw material may be expanded is really more impres- 
sive. Its adaptability and availability have had this influence, as 
stated by the authors: 

“Many chemicals not previously procurable commercially have 
been made from natural-gas hydrocarbons and in many instances 
they have filled needs that had not been met by other known 
substances.” 








utilization of petroleum gases indicates that the 
growth of this phase of the petroleum industry will 
continue. 

The quantity of natural gas that is, or that under 
present demands can be, utilized in the production 
of chemicals is not great in comparison with the 
amount used as fuel. Some data showing present con- 
sumption of natural gas for several purposes are pre- 
sented and discussed with Chart 2. Generally, an or- 
ganic chemical plant can be made from any one of 
several starting materials as well as by several routes 
from a single substance. This is illustrated by and 
discussed with Chart 5. This versatility of hydro- 
carbon-conversion processes is important, as ordi- 
narily it may be assumed that a substance will not be 
made synthetically from naturally-occurring raw ma- 
terials if it can be obtained in sufficient quantities as 
a by-product from an active commercial process. The 
cheapness and availability of natural gas, however, 
has caused unusual consideration to be given to its 
chemical utilization. Many chemicals not previously 
procurable commercially have been made from nat- 
ural-gas hydrocarbons, and in many instances they 
have filled needs that had not been met by other 
known substances. 

The production, from natural gas, of aviation gaso- 
line and of high-antiknock blending agents for enrich- 
ment of motor fuels is not strictly a “utilization for 
chemical products.” Many of these gasoline compo- 
nents, however, are relatively pure chemicals, and 
the processes employed in their manufacture are ap- 
plicable to the manufacture of products intended for 
chemical rather than energy uses. Investigations of 
production of motor fuels from natural gas and re- 
finery-by-product gases, which were begun actively 
about 1928, resulted in the discovery of many proc- 
esses. These investigations also disclosed additional 
methods and technology for production of pure chem- 


{365} 75 











icals and chemical raw materials from natural-gas 
hydrocarbons. A report giving the results of some of 
the early investigations of this problem by the Bu- 
reau of Mines were published in October, 1931.? In 
that report, previous and concurrent work by other 
investigators is cited. 

An information circular concerning the utilization 
of natural gas for chemical products was published 
by the Bureau in 1930* and a revision was issued in 
1940.* The present paper is a revision of the 1940 pub- 
lication. Its purpose is to show in graphic form the 


operating conditions are so varied that no simple ex. 
planation seems possible. Actually, few of the reac- 
tions are as simple as the charts may indicate. The 
subject of catalysts alone is so complex that it cannot 
be presented adequately in a report such as this. The 
nontechnical reader is interested mainly in the gen- 
eral picture which is adequately shown by the charts, 


Chart 1 


Natural gas is a mixture of gaseous hydrocarbons 
consisting predominantly of those containing . not 
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CARBONS, INDIVIDUALLY OR COLLECT 
IVELY, TO PROVIDE ENERGY THROUGH 
COMBUSTION CONSTITUTES THEIR 
MOST IMPORTANT UTILIZATION. 
HOWEVER, THEIR USE AS RAW 
MATERIALS FOR CHEMICAL SYNTHESIS 

IS CONTINUING TO GROW IN IMPORTANCE. 
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general reactions used and the chemical products that 
tay be obtained when natural gas is used as a raw 
material. The number of products presently obtain- 
able from natural gas is very large, and the field is 
continuing to develop, so that it is possible that some 
products that are now important (or soon may be so) 
have been omitted, but every effort has been made to 
make this publication as inclusive as available infor- 
mation permits. The products listed may be produced 
from natural gas from wells or natural-gasoline 
plants, but ordinarily natural gas would not be used 
where refinery-process gases or other raw materials 
are available that will yield the desired product in 
fewer steps and more cheaply. Some statistics relat- 
ing to the economics and growth of the industry are 
shown in the first charts, and the principal processes 
and their products are shown in the others. 

It would be desirable to include brief descriptions 
of some of the processes, but choices of methods and 
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more than four carbon atoms. It occurs in natural res 
ervoirs separately as gas or may be found with or in 
solution in nongaseous hydrocarbons. The compost 
tion of natural gas may differ from field to field and 
also with production methods. Methane is the hydro- 
carbon usually present in greatest volume, with 
ethane, propane, and heavier hydrocarbons succes 
sively next in order. The composition of a “wet” gas 
typical of much of that produced lies within the fol- 
lowing limits in volume-percent : Methane, 80-90 per 
cent; ethane, 5-10 percent; propane, 3-5 percent; 180 
butane and butane, 1-2 percent; pentanes and heavier 
hydrocarbons, 1-2 percent. Nonhydrocarbon compo- 
nents, including nitrogen, hydrogen sulfide, traces 0! 
organic sulfur compounds, carbon dioxide, and he- 
lium, may occur with the natural gas. Certain of these 
may be extracted from natural gas either as impurr 
ties or for individual utilization. (Chart 12.) 
Chart 1 shows the general composition and major 
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natural gas. The gaseous mixture or “wet” 
gas produced at the wellhead, as shown in the top 
square of the chart, usually is separated in the field 
in absorption or natural-gasoline plants. Nonhydro- 
carbons are removed under certain conditions, and 
the hydrocarbons are separated into “dry gas,” “lique- 
lied petroleum gas,” and natural gasoline or conden- 
sate. (““Dry” gas occurs as such in some fields. When 
gas is produced with crude oil, a rough field separa- 
tion gives a wet gas.) Such separations are not ordi- 
narily complete, and there is some overlapping be- 
tween the groups. Further group separation or sep- 
aration into individual components is accomplished 
when desired by fractional distillation, or in special 
cases by extractive distillation, azeotropic distillation, 
‘uperfractionation, or other extractive methods. 

Data regarding uses of the several constituents are 
shown in Chart 2. Charts 7 to 11, which show chem- 
ical products, are concerned primarily with “dry” and 
liquefied petroleum gases” hydrocarbons—methane, 
ethane, propane, isobutane, and n-butane. 


uses of 


Chart 2 


Some data regarding the consumption and use of 
hatural and liquefied petroleum gas are shown graph- 
cally in Charts 2a and 2b. Unfortunately, figures for 
the quantity of natural gas used in the manufacture 
of synthetic organic chemicals are not available sep- 
arately but are included under “other industrial” uses. 
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Data on the use of liquefied petroleum gases in the 
manufacture of synthetic-rubber components were 
available for the first time in 1944. Data concerning 
the use of liquefied petroleum gas in the production 
of aviation gasoline and other motor-fuel components 
are not included. Chart 2c shows annual synthetic 
production from all sources of certain non-coal-tar 
chemicals since 1936. Chart 2d shows the increase in 
total production and sales of non-coal-tar synthetic 
organic chemicals from 1925 to 1944 and production 
and sales of chemicals raw materials derived from 
petroleum from 1942 to 1944. 

Statistics showing’ the portion of this production 
using natural gas as the raw material are not avail- 
able. 


Chart 3 


Chart 3 shows the general composition of crude 
petroleum and of refinery-processed petroleum and 
also lists some non-petroleum materials suitable for 
hydrocarbon synthesis. Petroleum is an extremely 
complex mixture of hydrocarbons and other sub- 
stances that is found in nature in the solid, liquid, 
and gaseous states. Natural gas is a form of: petro- 
leum that consists of hydrocarbons and other sub- 
stances (Chart 1) that exists in the gaseous state un- 
der ordinary conditions of temperature and pressure 
at the earth’s surface. The natural-gas hydrocarbons 
frequently occur in solution with crude oil. Hydro- 
carbons identical with those in natural gas, together 
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i may be made synthetically from non-petroleum ma- Raw materials other than petroleum hydrocarbons 
terials. These gaseous products, regardless of source, were used for the first commercial syntheses of or- 
are important raw materials or intermediates for ganic chemicals. The processes, however, usually in- 
chemical products. The fact that the gaseous prod- volved as a first step hydrogenation of carbon or 
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fom petroleum, It was soon recognized that petro- 
lum and natural-gas hydrocarbons offer raw ma- 
terials suitable in their original form, or after rear- 
rangement to new molecular structure, for use in 
synthesis of chemical products. Further steps in the 
production of synthetic organic chemicals involve the 
addition or substitution of other elements such as 
oxygen, chlorine, nitrogen, or sulfur to the hydrocar- 
bon structure. Typical methods for rearranging the 
hydrocarbon molecule and for converting it into other 
products are shown and defined in Chart 4. 

Probably the most important method used for con- 
verting petroleum hydrocarbons to other compounds 
is decomposition effected by pyrolysis, catalysis, or 
electric discharge. Decomposition as used here also 
includes, in many instances, subsequent recombina- 
tion of primary products into new compounds. De- 
hydrogenation and hydrogenation, alkylation, poly- 
merization, isomerization, desulfurization, and cycli- 
zation and aromatization all may be considered as 
special cases of controlled decomposition or decom- 
position and recombination. Some metohds of oxida- 
tion, halogenation, nitration, sulfurization, and ami- 
nation involve preliminary decomposition of satu- 
rated hydrocarbons to olefins and recombination with 
the added elements. 

Decomposition, oxidation, halogenation, nitration, 
and sulfurization are further discussed with the charts 
showing products obtained by use of the respective 
methods. Many of the products shown on these 
charts are the result of a second series of reactions 
r conversions using the primary products as start- 
ing materials. Some typical examples of such reac- 
tions are shown in Chart 4, and the following deserve 
special mention: Alkylation and hydrogenation have 

















matics and cyclic compounds, The development of 
processes using these conversion methods received 
much consideration before and during the recent war, 
and processes developed now are being adapted to 
peacetime needs. 

It has been mentioned already that coal, petroleum, 
agricultural products, and other carbonaceous mate- 
rials may be used interchangeably as raw materials 
for hydrocarbon synthesis and manufacture of chem- 
icals. Hydrocarbon synthesis and production of chem- 
icals from materials other than petroleum has been 
used in Germany and in our own country as a war- 
time measure. Liquid fuels, lubricants, materials for 
synthetic rubber, and a large number of organic chem- 
icals were produced in Germany from coal .(or in 
some cases natural gas). 

Among the processes using coal or coke as raw ma- 
terial are the production of calcium carbide for con- 
version into acetylene, the hydrogenation of coal to 
produce gaseous and liquid hydrocarbons, and the 
Fischer-Tropsch synthesis, which involves a prior 
oxidation of coal or other carbonaceous material with 
oxygen or steam. Natural gas may be used in this 
process instead of coal, and this application has re- 
ceived much interest recently. It is discussed further 
with the chart showing products obtained by oxida- 
tion (Chart 8). Similarly, acetylene is produced also 
by decomposition of natural gas or gas from coal 
hydrogenation and is discussed further with Chart 7. 


Chart 5 


Chart 5 shows diagrammatically the production of 
butadiene by several possible methods using some of 
the possible raw materials. The chart illustrates the 
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CHART 5 


deen of especial importance in the production of high- 
antiknock blending agents for aviation gasoline ; iso- 
merization has been used extensively to convert 
n-butane or n-pentane to isobutane or isopentane for 
sé in alkylation and in aviation gasoline. Selective 
and non-selective polymerization is used in the manu- 
‘acture of intermediates for plastics and synthetic 
rubbers as well as in making motor fuels and lubri- 
‘ants ; desulfurization is often a necessary process in 
the production of motor fuels ; dehydrogenation (and 
emetimes polymerization) together with cyclization 
and aromatization is used in the production of aro- 
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Several possible methods by which butadiene may be produced. 


diverse routes by which a desired organic chemical 
may be obtained. Economic considerations involved 
usually determine the choice of raw materials and 
route. Butadiene for synthetic rubber was produced 
from coal in Germany during the war, whereas in 
America it was made on an extensive scale from ethyl 
alcohol, which was obtained from agricultural sources 
or from petroleum; also, directly from petroleum hy- 
drocarbons, chiefly from butylenes and butanes. The 
choice of starting material in each instance was de- 
termined by the availability and need for the several 
types of materials. In Germany, coal was the initial 
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raw material, but actual butadiene production was 
mainly from by-product gases obtained in the hydro- 
genation of coal. These gases were converted into 
acetylene and ethylene by means of the electric arc, 
and the acetylene was converted to acetaldehyde and 
then to butadiene by the aldol route. 


Chart 6 


Chart 6 should be used for reference in studying 
Charts 7 to 12, as it indicates the significance of the 
several “boxes,” brackets, and types of lettering used 
in them. In Chart 6 the terms used have the follow- 
ing meanings: 


ferent compounds. These data show the impractica- 
bility of listing all products and indicate the possibil- 
ities of chemical production with natural gas as a raw 
material. The use of heavier petroleum hydrocarbons, 
which are nongaseous under ordinary conditions, as 
initial materials for chemical production also should 
be considered. 


Chart 7 


The decomposition of natural-gas hydrocarbons 
into smaller reactive molecules (primary products), 
which may recombine during the operation to form 
larger hydrocarbon molecules, either aliphatic or 
cyclic, or which may be separated and utilized as in- 
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CHART 6 


Primary product.—A product obtained directly by the applica- 
tion of the basic method of conversion indicated in the title of the 
individual chart. 

Preferred source-—Not necessarily the only source, but the ma- 
terial reacting most easily or with the best yields relative to other 
natural-gas hydrocarbons (see remarks under “Charts 7 to 1l— 
General” ) 

Direct use-—A use (a) in which no chemical change occurs in 
the substance, as when it is used as a solvent or anesthetic, or (b) 
when the substance is completely destroyed, as when used for fuel. 
The direct uses of secondary products are indicated in brackets. 

Secondary p¥oduct.—A product made from the primary product. 
common names of secondary products and their derivatives are 
indicated in parenthesis. Direct uses are shown in brackets. 


Chart 7 to 11 (General) 


In preparing Charts 7 to 11, products shown as de 
rivatives of a particular hydrocarbon are not neces- 
sarily produced in commercial practice from that 
hydrocarbon or from a hydrocarbon as the original 
raw material. They are included, however, as they 
could be produced as shown if desirable to do so. 

Examples of compounds of this type are the 
“Freons,” which are shown as secondary products ob- 
tainable from natural-gas hydrocarbons by halogena- 
tion. These refrigerants are produced commercially, 
according to best available information, from carbon 
tetrachloride or other compounds derived from non- 
hydrocarbon raw materials. Data on raw materials 
actually used in commercial production of synthetic 
chemicals are not revealed by many manufacturers. 

Space does not permit naming all possible deriva- 
tives or secondary products. For example, one com- 
pany lists 85 organic chemicals, of which they say: 
“In producing all these chemicals, olefins derived by 
processing natural gas are used either directly or in- 
directly as raw material.”” Disclosure of scientific in- 
formation from enemy sources since the recent war 
show that German technicians produced 37 or more 
chemical products from acetylene. An American com- 
pany manufacturing nitration products from natural- 
gas hydrocarbons lists 54 derivatives as an incom- 
plete list of those that can be made available. A hand- 
book showing uses and applications of chemicals 
shows butyl alcohol as a reagent in making 132 dif- 
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termediate products in the production of fuels and 
chemicals, is perhaps the most important of the proc- 
esses for conversion of these hydrocarbons, These 
primary products usually are more susceptible to 
chemical manipulation than the original molecules. 

Thermal (pyrolytic), thermal catalytic, and electri- 
cal methods are applied successfully to the decom- 
position of petroleum and natural-gas hydrocarbons. 
The first two of these have found greatest applica- 
tion. The electric arc has been reported to have been 
used successfully for decomposition of natural-gas 
hydrocarbons; it was used in Germany during the 
war for the production of acetylene from natural gas 
of from by-product gas from coal hydrogenation. 

Primary products from natural-gas decomposition 
shown in Chart 7 do not include aliphatic hydrocar- 
bons containing more than four carbon atoms or the 
less common homologues of acetylene or butadiene 
that may be formed. Because of the attention given 
to some of these primary products in recent years, 
more individual mention is deserved than can be 
given in the charts. . 

Hydrogen is produced from natural gas by therma! 
decomposition with concurrent production of carbon 
black. Another process for production of hydrogen 
from natural gas (by reaction with steam) is shown 
in Chart 8 and discussed in the accompanying dis 
cussion. Both of these methods are used extensively 
for the production of hydrogen for use in the hydro- 
genation of oils, in the manufacture of ammonia, and 
for other uses. 

The production and chemistry of acetylene tt 
ceived much attention long before methods were 
evolved for its production from natural-gas hydro- 
carbons. Although acetylene presents some mechant 
cal difficulty in handling because of its tendency t 
explode under pressure, its use in chemical synthesis 
has attained a position of importance in Americat 
synthetic processes. It is used as the basis for the 
manufacture of a number of commercial products and 
was used widely in Germany for production of chem- 
icals needed throughout the war. Ordinarily, acety- 
lene is produced for commercial use from non-hydro- 
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CHART 7 
Products obtainable from natural gas by decomposition (thermal-catalytic-electric). 
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of electric-are cracking. 

Ethylene is an important constituent in refinery 
gas produced in the manufacture of gasoline from 
nongaseous petroleum hydrocarbons. It is readily 





carbon materials, but has been obtained from natural- 
gas hydrocarbons by thermal decomposition or by use 





methods, known as the channel, thermal decomposi- 
tion, and furnace processes, are used for the produc- 
tion of carbon black. Each process yields a product 
of different type especially suited for specific uses, 
Carbon black is an essential ingredient in the manu- 
facture of automobile tires and other rubber goods 
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CHART 8 
Products obtainable from natural-aos hydrocarbons by oxidation (thermal-catalytic-pressure). 


pyrolysis of natural gas. [lropylene, 
butylene, and isobutylene are produced similarly. 
These unsaturated hydrocarbons are of the type 
known as olefins and form the basis for the manufac- 
ture of a broad series of organic chemicals. Ethylene, 
which has been termed a “building block” for organic 
synthesis, is the starting point for the commercial 
production of more than 50 products. A correspond- 
ingly large number of products is obtained from 
propylene, butylene, and isobutylene. In the manu- 
facture of aviation fuels and alkylates, these olefins 
are of prime importance. The production of butadiene 
has been discussed in Chart 5. 

Besides heavier aliphatic hydrocarbons, not in- 
cluded separately in the chart, that may be formed as 
the result of decomposition of natural-gas hydrocar- 
bons, a group of cyclic compounds may be formed, 
which include benzene, toluene, xylene, and other 
aromatic compounds. However, selected cuts of heav- 
ier hydrocarbons from petroleum used as feed stock 
in catalytic aromatization gives high yields of ben- 
zene or toluene, and much of the toluene needed for 
wartime demands was obtained by this method. 

The use of natural gas for the production of car- 
bon black was one of its first non-energy uses. Three 


produced by 
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and in the production of paints, inks, and other ma- 
terials. A type of carbon black known as “acetylene 
black” is produced by the electrical decomposition of 
acetylene. 


Chart 8 

Oxidation of the hydrocarbon in natural gas in the 
form of combustion furnishes the basis for its use as 
heat and energy source. The ultimate products of 
combustion of hydrocarbons are carbon dioxide and 
water. Controlled and limited oxidation of hydrocar- 
bons produces a number of products highly useful in 
the production of textiles and plastics and in other in- 
dustries. Among the oxidation products obtainable 
from natural gas and other petroleum hydrocarbons 
aresalcohols, acids, fatty acids, and aldehydes. Those 
of most importance produced commercially from nat- 
ural gas include methyl, ethyl, isopropyl, propyl, and 
butyl alcohols, formaldehyde and acetaldehyde, ace 
tone methylacetone, acetic acid, acetic anhydride, 
propionic acid, and many derivatives. Both : saturated 
and unsaturated aliphatic hydrocarbons are utilize¢, 
ordinarily in the presence of a catalyst, in the pro 
duction of oxidation products. 


The reaction of natural-gas hydrocarbons with 
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duc- halogen" containing Compounds. Direct fluorination is said to be violent and dif- ment of chlorine with fluorine in chlorohydrocer bons. 
ficult to control but is reported accomplished with methane, ethane, and other Products of chlorination only are shown in this chart as representative of prod- 
duct tydrocarbons. lodinetion is a reversible reaction. Bromination and chlorination ucts obtained by halogenation of naturel gas hydrocarbons, as the greatest 
are effected most easily. Olefin hydrocarbons generally react easily with hal- laboratory and commercial attention has been given to chlorination. 
IS€s, ns, forming addition ¢ nds; substitutive halogenstion takes place under 
inu- certain conditions, forming allylic hetides (Chart 7). > 
ods Y | 
METHYL CHLORIDE METHYLENE CHLORIDE CHLOROFORM 
| CHCl CHCl 
| Methane Methane Ethane 
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[orgenic reagent ],dyestuffs INTERMEDIATES for organic FLUORO-and FLUOROCHLORO- poison gas) copolymer], plastics and 
FORMALDEHYDE (CHART 8) chemicals, pharmaeceu - METHANES [ refrigerants CHLOROFORM (THIS CHART) resins 
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CHART 9 
Products obtainable from natural-gas hydrocarbons by halogenation (thermal-catalytic-photolytic). 
steam, oxygen, and carbon dioxide to form a “syn- many other purposes; also as intermediates in or- 
thesis gas” for the Fischer-Tropsch synthesis of ganic chemical synthesis. Fluoro and fluorochloro 
higher hydrocarbons has received much recent atten- compounds, which are used principally as refriger- 
tion as a possible method for utilization of methane ants, usually are obtained by replacement of chlorine 
in the manufacture of motor fuels. In addition, or- with fluorine in a chloro compound. A few bromi- 
. ganic chemicals such as alcohols, aldehydes, acids, nated hydrocarbons are in commercial production. 
and esters can be produced concurrently with the Methyl bromide is used as a fumigant and insecticide. 
motor fuel. Ethylene dibromide is used in tetraethyl lead fluids, 
The reaction of methane and steam when carried as a solvent, and as an intermediate in the production 
la to completion gives carbon dioxide and hydrogen. of a number of chemicals. 
ne his reaction has been the basis for production of 
ot hydrogen for many of the plants that produced am- Chart 10 
m 1 ‘ : : ean ' o« : . T - ac - ‘ ° ‘ aes : ‘ F 
| _ ind nitric acid for wartime use. Natural gas or Active research into the nitration of natural-gas 
lV ve = © © © . © . — ole 2 g = € 
'ydrogen from natural gas also is used in the manu- hydrocarbons began around 1930 and has produced 
facture of pure nitrogen trom air for use in ammonia i 
he manufac . , ‘i é 4s 
rz lufacture. By means ol controlled combustion, the NITROME THANE | [  NITROE THANE NITROPROPANES NITROBUTANES 
as oxygen content of air is removed, leaving nitrogen, CHyNOr ~ | LGeteNoe CoM NOt CattaNOe 
f ” . . . z ot 4 | 
ot carbon dioxide, and water, which are separated “tee | ethane Propane, ieomutene | Cotes insbatore 
nd easily. Possible by-products and derivatives besides HEAT SENSITIZERS forruber ites 
ir- ammonium nitrate in the manufacture of ammonia ALOLHYDES end KETONES 
in and nitric acid include methyl alcohol from hydrogen AMINES end DIAMINGS. synthetic drugs, organic intermediates 
n- and carbon monoxide, formaldehyde from methyl “AMDOMLNEMETROLS Gnd AMIMOACETALS, wanpe of preceding com 
p ale ° ° ° nds Lemulsify' ints, cosmetics) 
le alcohol, dry ice from waste carbon dioxide, urea from chaooxvue aces y 
< li id - - . . i CHLORONITRO PARAFTINS and CHLORONITRO ALCOHOLS, |,I-dichlorenitro 
ns quid ammonia and carbon dioxide, and perhaps am- ethane {nsactiige (Ee) pnoroperinutryrat, tania and Sa 
se nN j . e. > = - ° . steri izing ry 
se —_ sulfate, sodium carbonate, sodium nitrate, DINIT ROPARAPE INS 
t- dicalcium phosphate, hydrogen cyanide, formamide, Re en es 





and others. 







Chart 9 
Chart 9 shows products of chlorination as ‘repre- 
sentatives of products obtainable by halogenation of 
natural gas. Chlorinated hydrocarbons form an im- 
portant class of chemicals, which are used directly as 
solvents, refrigerants, degreasing compounds, and for 
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CHART 10 
Products obtainable from natural-gas hydrocarbons by 


nitration (thermal). 


{373} 






83 








troparaffins by use of the vapor-phase nitration reac- 
tion of nitric acid and hydrocarbons from petroleum 
and natural gas, occurted within the present decade. 
Uses for these nitroparaffins and their derivatives in 
many fields already have been developed, and other 
extensive uses have been prophesied. 


Chart 11 

Chart 11 shows products obtainable from natural 
gas and other petroleum hydrocarbons by sulfuriza- 
tion. Production of these products is small, but rex 
cent announcements indicate future commercial- 
scale manufacture of carbon disulfide, thiophene, mer- 
captans, thioethers, and other sulfur compounds, 
using natural gas and sulfur or hydrogen sulfide as 
starting materials. Butyl mercaptan and butyl, disul- 
fide are said to be available already in tank-car lots, 
and other sulfur compounds are being produced in 
experimental or pilot-plant quantities. One company 
states that a plant was erected and operated success- 
fully for the manufacture of tertiary dodecyl mercap- 
tan (C,,), using as raw materials hydrogen sulfide 
derived from natural gas, with copolymers from pro- 
pylene and isobutylene resulting from thermal decom- 
position of isobutane. The plant was built in anticipa- 
tion of a demand for the product in the synthetic- 
rubber program but was shut down when the demand 
did not materialize. Another company has announced 
the pilot-plant and contemplated commercial produc- 
tion of thiophene. Still another company has an- 
nounced the pilot-plant development of a process for 
the manufacture of carbon disulfide by the catalytic 
reaction of sulfur and hydrocarbons from natural gas. 

Many of the uses for sulfurization products shown 
in Chart 11 are those suggested by manufacturers as 
possible uses and have not been proven commercially. 


Chart 12 

Non-hydrocarbon constituents of natural gas usu- 
ally are present in relatively small amounts. Some 
of these materials, such as helium, are of enough 
value to warrant their recovery even when present in 
quantities of only a few percent. Others, such as hy- 
drogen sulfide, usually are objectionable and ordi- 
narily must be removed before the hydrocarbon con- 
tent of the gas can be utilized. Hydrogen sulfide and 
other objectionable gases may become valuable when 
separated and used in the production of other prod- 
ucts. The use of hydrogen sulfide in the production 
of sulfur compounds from hydrocarbons already has 
been mentioned. In at least one natural-gas field it is 
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a variety of products. Commercial production of ni-: 
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CHART 11 
Products obtainable from natural gas and other petroleum 
hydrocarbons by sulfurization. 








recovered and used for the production of elemental 
sulfur. 

Some natural gases are composed almost entirely 
of carbon dioxide. Carbon dioxide from this source 
may be of value if the wells from which it is pro- 
duced are geographically situated where the gas may 
be utilized economically. So far, no economic use for 
nitrogen in natural gas has been developed. 
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Instrumentation in Gas-Cyeling Plants 


GEORGE L. GUDENRATH 





Delta Engineering Corporation 


“ 
_——_ of the proper instrumentation for a 
given process application is governed by the same 
basic concepts for essentially all continuous proc- 
esses. There are, however, special requirements, or 
limitations, imposed by the various types of operation 
to which a given process step may be adapted, which 
may influence the selection of controls to such an 
extent that individually different control arrange- 
ments may be required for a given application, de- 
pending on whether in an oil-refining, petro-chemical 
or gas-cycling operation. It is intended to limit the 
scope of this article to consideration of some of the 
special factors influencing the design of control sys- 
tems for gas-cycling plants. 

Processes common to gas-cycling operations gen- 
erally are not complex and are characterized by 
steady operating conditions; thus their instrumenta- 
tion usually is relatively simple and straightforward. 
It must be recognized, however, in selecting controls 
for such a plant that personnel and facilities avail- 
able for the supervision and maintenance of control 
equipment probably will not be of the caliber cus- 
tomarily found in oil refineries and chemical plants. 
Simplification is desirable to reduce instrument su- 
pervision and maintenance requirements to the bare 
minimum, while, on the other hand, relatively com- 
plete instrumentation is desirable to maintain posi- 
tive control. Probably the better compromise is in 
favor of complete instrumentation if every reason- 
able precaution is taken in selecting equipment and 
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FIGURE 1 


making proper installations to minimize the super- 
vision required. 
Although the importance of proper field installa- 
tion is admittedly great, this phase of the problem 
has been thoroughly explored by others, and lies 
beyond the scope of this discussion. Let it suffice to 
Say here that the construction forces have a definite 
contribution to make in reducing the instrument- 
maintenance problems of the operating group. 
Design of control systems for a new facility usually 
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develops along with, or follows immediately, the 
completion of the process design. This involves 
analyzing the various applications to determine the 
type of control most desirable. The analysis of appli- 
cations is followed by selection of actual equipment 
to do the job. It is at this stage that the control 
engineer can make a real contribution toward re- 
ducing the instrument maintenance and supervision 
worries of the plant operator. 

Of primary importance is the provision of a good 
supply of operating medium for the pneumatic con- 
trols. Natural gas commonly is used for this purpose 
in cycling plants, although compressed air is some- 
times provided; either should be thoroughly filtered 
and dried, preferably, before distribution to the vari- 
ous instruments, and should be supplied at constant 
pressure. Further, where natural gas is used, careful 
checks for the presence of hydrogen sulfide should 
be made, even though the main gas stream to the 
plant is considered sweet. If hydrogen sulfide is 
present, suitable treatment for its removal should be 
given the gas before entering the dryers. Further 
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responsibility of the control engineer is to make cer- 
tain that the process design fulfills such needs as: 
(a) Surge capacities where necessary, and in at 
least the volumes required, for control pur- 
poses ; 
(b) Line sizes amply large to accommodate con- 
trol valves and meter runs; 
(c) Pressure differentials adequate to assure the 
effectiveness of control valves, etc. 
In the selection of control equipment, maintenance 
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and supervision requirements can be reduced in some 
instances by minor sacrifices in the possible approach 
to ideal precision of control. 

Consider, as an example, the problem of controlling 
the liquid level in a rich-oil flash tank by regulating 
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FIGURE 3a 

the outflow of oil. Assume that “averaging” control 
definitely is desired; that is, the controller should 
make definite use of surge time available in the 
vessel to absorb variations in rate of flow of incom- 
ing oil in order to maintain, as nearly as possible, 
a uniform rate of flow of oil from the vessel. An 
installation such as is shown in Figure 1 would 
fulfill this requirement. If a flow record is wanted, 
or if the pressure differential across the control valve 
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is variable, the arrangement in Figure 2 may be more 
desirable. Frequently, it also is required to “average” 
the level essentially about a fixed control point, say 
the centerline of the vessel. This usually is desirable 
in absorption-type cycling plants, since the absorp- 
tion oil circulates in a closed cycle and persistent 
level variations in any given surge vessel must be 
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compensated by level changes at other surge points 
in the system. To effect this type of control it is 
necessary to incorporate reset response in the control 
system, Usually this control feature is added in the 
mechanism of the primary measuring device, in this 
case the liquid-level controller. Typical arrangements 
are given in Figures 3a and 3b, which show, respec- 
tively, differential- and displacement-type propor- 
tional reset response level controllers actuating con- 
trol valves. Since controllers of this type frequently 
operate with a relatively wide proportional band 
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adjustment (as high as 150 percent, or more, of full 
scale for instruments provided with auxiliary limit 
control and 80-100 percent for those without) it is 
essential that the controlled valve follow the con- 
troller almost perfectly; thus, the valve positioners 
indicated on the drawings are almost a necessity. In 
applications where a flow record is required or vari- 
able pressure drop across the control valve dictates 
the use of a secondary flow controller, as illustrated 
in Figures 4a and 4b, the positioner is no longer a 
basic requirement. It may, of course, be desirable to 
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provide a positioner to assist the flow controller fof 
the usual reasons; for example, if the control valve 
is relatively large, or operates under conditions which 
result in heavy stem or guide friction, or extreme 
unbalance of the plug. 

Although both the differential and displacement 
types have their ardent proponents, each type Pro 
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vides the same basic elements of level control.~ The 
differential type probably affords the closer approach 
to an ideal “averaging” instrument, whereas the dis- 
placement type is probably somewhat easier to main- 
tain and is almost fool-proof by comparison. Because 
of the simpler maintenance requirement, the displace- 
ment type usually will be the preferable selection for 
cycling applications. ‘This will be particularly true 
for services in liquids having a bubble-point near the 
ambient temperature at operating pressure; e.g., 
rich-oil and distillate flash tanks and reflux accumu- 
lators. 

Figure 5 is directed to those proponents of dis- 
placement type controls whose favorite make of 
instrument is not available with proportional-reset 
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response. Shown is a simple proportional response 
level controller used as pneumatic transmitter for a 
proportional-reset response receiver-controller, which 
in turn actuates the control valve. 

In designing flow-control systems to operate with 
the minimum maintenance requirement perhaps the 
most important single factor is to arrange for the 
meter body to be installed relatively near the orifice. 
his applies whether the meter body is on a flow 
transmitter or a direct-connected controller, and 
means that the length of any direct connected system 
should be limited to the absolute minimum. 

Temperature-control systems employing fluid-filled 
capillary systems for measurement in the primary 
device should be similarly treated. Minimum length 
ol capillary tubing will assure maximum responsive- 
ness for a given system and will reduce vulnerability 
to physical damage. Owing to the relatively great 
measuring lag inherent in most temperature meas- 
urements, temperature controllers normally operate 
with rather broad proportional band settings and, as 
a result, their controlled valves usually require a 


Positioner, pressure balancing or a secondary flow 


‘ontroller to minimize control lag. 


Temperature Measurement 


Although electrical measurement of temperature 
senerally is considered to be the most desirable 
method to use in the control of fractionators making 
Precision separations, such as deisobutanizers and 
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deisopentanizers for example, many such columns 
were installed during recent years in cycling plants 
using fluid filled capillary systems for temperature 
measurement. In most cases this probably was done 
to assure continuity of operation, since ‘the prime 
movers throughout most such. plants are steam- 
driven and the source of electrical power usually is 
from a small auxiliary power plant not sufficiently 
reliable for process controls to be dependent upon it. 

Pressure-control applications in cycling installa- 
tions usually permit the use of direct-connected sys- 
tems without complications. 

Since it is not practical to arrange for all process 
orifice-meter runs or temperature-bulb locations to 
be near a central control panel, it follows that the 
primary devices, if direct connected, should be lo- 
cated near the equipment they serve. Alternatively, 
if it is desired to assemble all instruments on a cen- 
trally-located control panel, the measurement should 
be transmitted from a point near the orifice or tem- 
perature bulb to a receiver-controller on the control 
panel. Transmission of a measurement from the pri- 
mary device to the receiver-controller may be accom- 
plished either pneumatically or electrically ; however, 
in plants of the type under consideration, pneumatic 
transmission is used almost without exception. Many 
advocates of the dispersed control arrangement re- 
ferred to above base their preference, at least par- 
tially, upon prior unhappy experience with pneumatic 
transmitters. Actually, plantss which are provided 
with a properly controlled source of operating me- 
dium, as postulated above, suffer very little from 
mechanical difficulties in transmitters. Frequently 
cited also is the difficulty experienced in maintaining 
absolute calibration between the transmitter and the 
receiver-controller. This is largely a_ self-inflicted 
difficulty, because in cycling operations there is no 
real need for knowing, with absolute accuracy, the 
magnitude of any given operating variable. Yield or 
accounting meters, of course, are excluded for this 
category since they properly should be direct con- 
nected units located at their respective orifice-meter 
runs. Those favoring the dispersal of controls to the 
immediate location of the equipment served believe 
that such an arrangement makes it necessary for the 
operators to make frequent trips through the operat- 
ing area in order to observe the control instruments. 
It appears more logical to acknowledge that the op- 
eration of such a plant is basically automatic, in most 
cases, and that the probability that desired manual 
adjustments will be made as required, will improve 
with the convenience of the operation. On this basis, 
the instruments should be conveniently grouped on 
a common control panel at a point near the “center 
of effort” in the operating area. Such an arrangement 
has other advantages: 

1. Control of plant during operational upsets is 
greatly facilitated. 

Starting-up and shutting-down operations are 
greatly simplified. 

Adequate all-weather protection for both oper- 
ating personnel and control instruments can be 
provided more conveniently and probably less 
expensively. 

The instrumentation engineer has a final responsi- 
bility in following the mechanical design of the plant 
facilities to make certain that control valve, pilot- 
operated regulator, secondary controller and yield 
meter in locations are conveniently accessible for 
operating and maintenance requirements. 


ca) 


~~ 
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J. M. SAPPINGTON 


Plant Superintendent, 
Absorption Plant, Inc. 


a constant intake pressure to 
the compressors is a major problem in gasoline plants. 
Constant intake pressure is especially important in 
fields where the gas flow fluctuates due to flowing 
schedules and changes in oil allowables imposed by 
proration, which varies from day to day and from 
month to month. In many plants, elaborate dispatch- 
ing systems have been designed and installed, but 
have not been entirely effective in solving this prob- 
lem. In fields where low separator operating pressures 
are imperative to good yields, it is well worth while 
to consider the installation of adequate control equip- 
ment to take care of this situation. 

At Absorption Plant, Inc., Winnie, Texas, 30,000,- 
000 cubic feet daily of low-pressure separator gas is 
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One of the butterfly 
valves and valve po- 
sitioner actuated by 
the pressure record- 
ing-controller instru- 
ment to maintain con- 
stant gas-intake pres- 
sure of 12.2 pounds. 


Dual Control System 
Synchronizes Compressor Speed- Intake Gas Pressure 


gathered from four separate oil fields in addition to 
55,000,000 cubic feet daily of high-pressure gas from 
gas-distillate wells. There is a large number of wells 
involved, and due to the fact that they are located so 
far from the plant, it is impossible to literally “ride 
herd” on the entire 80-mile field gathering system. 
To solve the problems of intake pressure and com- 
pressor speed, an automatic speed governor and pres- 
sure control system for compressor operation was de- 
signed and installed. It is important to note that this 
dual system is regarded as unusual, despite the fact 
that all the equipment is conventional, because of the 
method of application and the resulting efficient pet 
formance. A number of operators engaged in con- 
structing new plants and having difficulties with 
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Diagram of compressor installation, showing piping, manifolding, control systems, scrubbers, and shell-and-tube coolers. 


Below: Intake and discharge lines for one bank of compressors, manifolded for maximum flexibility and simplicity. 
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existing plants have expressed interest in the system. 

The total installation cost of the application was 
kept at a minimum by the use of conventional control 
equipment. This .control scheme has paid for itself 
many times since operations began by eliminating 
compressor maintenange that would occur due to 
overloading the machines, enabling efficient field 
system operation with limited personnel, and reduc- 
ing dispatching problems to a minimum. 

The general compressor plant layout including the 
complete control hook-up is shown in an accompany- 
ing drawing. It will be noted that the compressors 
are set back to back to save building space and to 
simplify and keep operation expense at a minimum. 
For this layout, it is necessary to have two suction 
headers and intake scrubbers. The ten 800-horse- 
power angle-type compressors have four compression 
cylinders each, and* compress gas through three 
stages. Two cylinders for the first stage compress 
from 12.2 psia to 30 psig, the third cylinder for the 
second stage, 26 to 125 psig, and the fourth cylinder 
for the third stage, 121 and 450 psig. This arrange- 
ment of the cylinders permits a compressor to be 
off the line without disturbing the balance of the load 
on the other compressors. 

The control system that regulates the intake pres- 
sure of the gas to the compressors consists of two 
24-inch butterfly valves equipped with diaphragm 
motors and valve positioners, and two pressure-re- 
cording-controlling instruments. One contr6l unit is 
required for each manifold, inasmuch as the com- 
pressors are in two banks back to back. Pressure 
points for the controllers are taken in the 24-inch 
headers downstream from the butterfly valves. These 

Main compressor control panel, showing speed governor and 
butterfly valve recording-controlling pressure instruments. 


Individual diaphragm valve on the compressor governor 
actuated by a pressure-recording-controller instrument. 


controllers are set to maintain a gas intake pressure 

a of 12.2 psia to the first stage of compression. 

-= \ third pressure-recording-controlling instrument, 
having a pressure point on the main incoming-gas 
line ahead of the point where the line divides for the 
twin inlet scrubbers and manifolds, controls the air 
pressure to the speed governors and air valves on 
each compressor. From the diagram, it can be seen 


that the control lines from the speed governors on 
, each of the five compressors in each bank are con- 
nected in a parallel system. Then the controlling air 
line from the PRC is connected to these two systems 


This method assures equal pressure to each speed 


1 0 governor. When the gas load and the intake pressure 





decrease, the compressors are automatically slowed 
down. As the gas load and the intake pressure 10 
crease, the compressors speed up and maintain 12. 
psia pressure at the intake. The air supply from the 
PRC to the individual diaphragm valves is set by 4 
valve-positioner instrument so that 13 pounds of alr 
will run the compressors at exactly 325 rpm which Is 
the maximum intended. In case the gas load increases 
to the extent that all machines running at maximum 
speed are unable to handle the total volume, the tw0 


24-inch butterfly valves maintain a constant intake In th 


are 





pressure, never overloading the compressors. oat 
In addition to the dual-system described above, @ still, 


third system controls the fuel gas to the compressors and ; 
i ' It serves to maintain a constant pressure on the tw i 

& a fuel manifolds from the fuel header. Incoming depr. 
: gas flows through a drip pot through a pressure re tiona 
lating valve to the header. 
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Res Absorption-Dehydration Plant 
Processes 150,000,000 Cubic 





Feet Daily 


C. C. PRYOR, Associate Editor A 


A COMBINATION gasoline-dehydration plant 
capable of processing and. dehydrating 150,000,000 
cubic feet daily of natural gas has been placed on 
stream in the Carthage field of East Texas. This is 
the Feazel-Kinsey Plant of The Chicago Corporation. 
The dehydration and absorption equipment are de- 
signed for 150,000,000 cubic feet daily of gas and over 
3000 barrels of liquid hydrocarbons daily, while the 
distillation unit is designed to process the hydrocar- 
bons from 125,000,000 cubic feet of gas daily. 

Noteworthy features in the design of the plant’s 
process includes high-pressure absorption, high- and 
low-pressure reabsorption, a de-ethanizer, main and 
primary stills, gasoline and kerosine fractionators, a 
condensate and an absorption-oil-purifying still. In 
addition, three direct-fired tubular heaters are util- 
ized in the process for the rich oil, oil purifying sys- 
tem, and fractionating still. 

The dehydration unit of the plant consists of six 
high-capacity solid-absorbent type, contactor towers, 
three of which are regenerated under line pressure, 
while the remaining three are on stream. The unit 
maintains a dew-point of — 25° F. or lower on the 
residue gas for pipe-line sale. Gas enters the plant at 
approximately 1800 psig and is reduced to 1250 psig, 
which is sufficient pressure for processing and dehy- 
dration and to supply sales gas to the pipe lines with- 
out Compression. 

Three steam systems are used in the plant. Steam 
at 300 psig is used for stripping in the primary and 


Processing Towers 


In the foreground, left to right, 
we high-pressure reabsorber, 
0W-pressure reabsorber, primary 
‘tll, main still, condensate still 
and oil purifying still. Beyond the 
pump house is the de-ethanizer, 
‘0. 1 fractionator, debutanizer, 
depropanizer, and kerosine frac- 
honator 





April, 1947—_A Gulf Publishing Company Publication 


DE ARE Ai REPO iy, 


condensate stills and for the turbine-driven centrifu- 
gal pumps. This steam is exhausted into the 125 psig 
system for use in the reboilers and reciprocating 
pumps. In turn, this steam is exhausted at 15 psig 
into the third system for agitation in the main and 
oil-purifying still. Reboiler condensate is returned 
to the boiler feedwater tank, and condensate from 
the accumulators and stills is clarified in a treating 
system before returning to the boiler feed-water tank. 
The balance achieved between the steam systems for 
the turbines and reciprocating pumps with the agita- 
tion and stripping steam requires that current from 
a large electric-power-generation plant, for the camp 
and utilities, also be used for the remaining centrifu- 
gal pumps for operation. Makeup water for the 
boilers is produced in an evaporator. Raw water 
makeup passes through a deaerating heater to the 
evaporator for chemical treatment. The evaporator is 
operated with 300 psig steam in the tubes, which 
evaporates 3000 pounds per hour of raw water in the 
shell for the 125-psig steam system. The fractionat- 
ing columns’ reboilers require 13,550 pounds per hour 
of 125-psig steam. 

Plant steam is supplied by three 30,000-pound-per- 
hour bent-tube integral furnace boilers, two of which 
are capable of supplying the plant’s requirements, 
with the third serving as a standby unit. The boilers 
operate at 300 psig pressure and a temperature of 
500 °F., and have a total heat input of 46,000,000 Btu 
per hour on 1140 Btu fuel. gas. Each boiler is 
equipped with a 6.5-foot induced-draft fan driven by 
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The absorption system of the plant consists of 
three high-pressure, 24-tray absorbers, 5.5 feet by 
50.5 feet, operated at 1250 psig, supplied with lean 
oil by two six-stage centrifugal pumps, capable of 

“pumping 700 gpm at 1300 psig discharge pressure, 
driven by 875-horsepower multistage condensing tur- 


Absorption 


a 15-horsepower motor supplying total draft require- 
ments of 48,000 pounds per hour. 





bines, requiring 8900 pounds per hour of 300-pound 
steam. There are two reabsorbers in the system. One 
is a 20-tray tower, 2 feet by 41\ feet, operated at 570 
psig, which receives its supply of lean oil from the 
stream to the high-pressure absorbers, and the other 
is a 20-tray tower, 3 feet by 41 feet, operated at 250 
psig and supplied with Jean oil from a two-stage 
centrifugal pump capable of 148 gpm at 250 psig dis- 
charge pressure. Two fat-oil vent tanks are used 
which operate at 570 and 250 psig, respectively. 

Inlet gas from the field system (shown on the 





Dehydration Contactors 


Three of the contactors are on 
stream while the remaining three 
are being regenerated. One of 
the emergency plant - shutdown 
stations can be seen in front of 
the first coniactor. A flow dia- 
gram of the contactors is shown 
below. 
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process flow diagram of Figure 1) flows through 
coolers and a master separator, where pressure is 
reduced from 1800 to 1250 psig, to the absorbers. A 
high absorption efficiency is maintained by using a 
low-molecular-weight oil of 40 API gravity. Con- 
densate from the separator is flashed in a. 575-psig 
and a 250-psig condensate vent tanks before heating 
in exchangers with overhead vapors from the con- 
densate still and bottoms from the oil-purifying still. 
Residue gas from the absorbers flows through a 








Heat Exchangers 


Exchangers forheating the charge 
to the condensate still. Heat is 
supplied from oil-purifying still 
bottoms in one bank of condens 
ers, and from the condensate- 
still overhead vapors in the other 


bank. 
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scrubber to the dehydration unit. Rich oil from the 
base of the absorbers is flashed in the 570-pound vent 
tank and the vapors charged to the 570-pound reab- 
sorber. Rich oil from the reabsorbed, the 570-pound 
and condensate vent tanks is flashed in the 250-pound 
vent tanks, Residue gas is used for plant fuel. Liquids 
from the vent tank, 200-pound reabsorber, and the 
condensate-still accumulator are charged through 
heat exchangers with the hot lean oil to the primary 
still operating at 215 psig. 


Process Pumps 


The high-pressure six-stage cen- 
trifugal lean-oil pumps, driven by 
multi-stage condensing steam 
turbines, capable of delivering 
700 gallons per minute at 1300 
pounds pressure to the three ab- 
sorbers and a reabsorber, are 
shown. The vacuum condensers 
are mounted on the operating 
platform above the pumps 
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Condensate and Oil Purifying Stills 


In the condensate still, which has 16 trays and is 3 
feet by 36 feet, the kerosine and lighter hydrocarbons 


jre taken overhead and mixed with the feed to the 


primary still. The condensate still requires 320 
pounds per hour of 300-pound steam. Material ftom 
the base of the still is charged to the oil-purifying 
still, a 16-tray tower, 3 feet by 35 feet, which uses 
900 pounds per hour of 15-pound exhaust steam for 
operation. Absorption oil is produced overhead from 


Towers 


Kerosine fractionator, depropan- 
ter, debutanizer, No. 1 fraction- 
Gior, and de-ethanizer columns. 
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the still and is sent to storage or to plant makeup. 
Approximately 60 gpm of the oil from the base of the 
still is circulated by'a single-stage centrifugal pump, 
electrically driven, through an. oil-purifying heater, 
and returned as vapor to the still. The circulated oil 
is heated from 400 to 610° F. in the direct-fired heater 
which has a radiation section only. The six-burner 
furnace has a heat load of 3,730,000 Btu per hour and 
a capacity of 25,500 pounds per hour of 0.85 specific 
gravity, 240-molecular-weight heavy oil. Remainder 
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Process Area 


View of the plant from the cool- 
ing tower, showing the arrange- 
ment of towers and piping on 
each side of the pump building. 
The boiler house and main heat- 
er for the rich oil are m the 
background. 





of the bottoms go to heavy-oil storage or the slop 
tank. In addition to making absorption oil from the 
condensate charge to plant, the still continuously 
conditions the oil in use. A small quantity of oil from 
the stream picked up by the hot-lean-oil pump from 
the main still is charged to the oil-purifying still. 


Stripping and De-ethanizing 


The primary still used 4940 pounds per hour of 


¥ 
; 
@ 
s 
f 
be 
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300-pound steam to effect a rough cut of the rich- 
oil charge, and produces propane and heavier for 
charging to the de-ethanizer. This column is 6.5 feet 
in diameter and 53 feet in height, with 22 trays. Rich 
oil from the base of the primary still is heated from 
450 to 565° F. (vaporizing 6100 pounds per hour of 
123-molecular-weight hydrocarbons) for charging to 
the main still, in a pair of direct-fired high-efficiency 
convection-section heaters set back to back. The fur- 
naces have a total heat load of 30,600,000 Btu per 


Heat Exchangers 


Main lean oil-rich oil heat- 
exchanger bank in the fore- 
ground, with the three 1250- 
pound absorbers in the back- 
ground. The master separator for 
the inlet gas stream is at the 
right of the absorber. 








Inlet Gas Regulators 


Gas enters the plant at 1800 
pounds and is reduced to 1250 
psig before entering the absorb- 
ers by the inlet gas regulators 
shown. 
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hour and a capacity of 363,100 pounds per hour of 
0.81 specific gravity, 226-molecular-weight fat oil. 
In the 30-tray de-ethanizer, 2.5 feet by 55 feet, 
ethane is taken overhead from the tower to the re- 
compressor suction, then to plant fuel or the dehy- 
dration unit. Propane and heavier from the de-ethan- 
izer reboiler is combined with the debutanizer feed 
stream from the No. 1 fractionator. The recompressor 
also is used to compress gases from the high-pressure 
reabsorber. It is a horizontal opposed steam driven 





Boiler House 


Housed here are the three 30,000- 
Pounds-per-hour boilers, the main 
rich-oil heater, and the oil puri- 
fying still heater. 
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type, and compresses about 4,000,000 cubic feet of 
gas from 475 to 1225 psig in a single stage. 


Fractionation 


Fat-oil from the heater to the main still is used to 
heat the kerosine fractionator reboiler. In addition, 
a small quantity of lean oil from the oil-purifying 
still is charged to the still with the fat oil. Kerosine 
and lighter products are taken overhead from the still, 
heated by exchange with kerosine fractionator bot- 


Steam Generation 


Three 30,000-pound-per-hour in- 
tegral furnace botlers supply 
steam for plant operation at 300 
pounds and 500° F. Total heat 
input is 46,000,000 Btu per hour 
on 1140-Btu fuel gas. 





toms, and then charged to the No. 1 fractionator for 
gasoline production. Lean absorption oil from the 
base of the main still is pumped through the main 
oil exchangers and coolers to the feed pump for the 
absorbers and reabsorber. About 5800 pounds per 
hour of 15-pound exhaust steam is used in the main 
still. 

The end-point of the gasoline produce overhead 
from the 30-tray No. 1 fractionator, which is 6 feet 
by 60.5 feet, can be controlled from 250 to 400° F.A 
centrifugal pump picks up the kerosine and naphtha 
from the base of the fractionator and circulates a por- 
tion of the stream through the fractionating heater 
and pumps the remainder to the kerosine fractionator 
for separation. The kerosine fractionator has 30 trays 
and is 4 feet by 60.5 feet. The heater is a direct-fired 
type with a high-efficiency convection section utiliz- 
ing 8 burners, and has a total heat load of 7,280,000 

3tu per hour. Its capacity is 68,000 pounds per hour 

of 0.79 specific gravity, 187-molecular-weight oil, and 
vaporization 51,000 pounds per hour. The oil is 
heated from 450 to 495° F. and returned to the frac- 
tionator. Gasoline from the fractionator is pumped 
through a feed exchanger and combined with the 
bottom product stream from the de-ethanizer for 
charging to the debutanizer. 

Finished debutanized gasoline from the base of the 
debutanizer is cooled and sent to storage, and the 
propane and butanes produced overhead are charged 
to the depropanizer for separation into propane over- 
head and butanes from the tower reboiler. There are 
40 trays in the debutanizer and in the depropanizer, 
which are 5 feet by 75.5 feet and 3 feet by 71 feet, re- 
spectively. 

The plant has a total storage capacity of 7,264,000 
gallons for all products, including kerosine, naphtha, 
gasoline, butane, propane, LPG, and fuel oil. Gaso- 
line produced for motor fuel is blended to the de- 
sired octane rating in an ethyl blending unit in the 
plant. The products are shipped by railroad tank cars 
and trucks. 


Dehydration 


Residue gas from the absorbers flows through a 
scrubber to the dehydration unit of the plant, Fig- 
ure 2..The six contactors in the unit, are operated 


with three contactors on stream while three are being 
regenerated under full line pressure. The contactors 
are 6.5 feet in diameter by 32.5 feet in height. Opera- 
tion is on a 24-hour time cycle. Gas enters the top 
of the contactors for dehydration for 12 hours. Regen- 
eration gas is taken from the scrubber and heated 
by steam (8975 pounds per hour of 300-pound steam) 
in an exchanger to approximately 400° F., then enters 
the outlet header of the saturated contactors for six 
hours. The hot wet gas is cooled in the cooling tower, 
the water removed in a separator, and the gas re- 
turned to the inlet header of the contactors. This 
method of reversing the flow of gas during each cycle 
for regeneration, and cooling prevents the contactors 
from making wet gas when first returned to the dehy- 
dration stream. 

Three meter runs are used in the dehydrated sales 
gas system, one of which is an auxiliary run, and 
permits the operator to switch the flow from a meter 
run to make orifice meter repairs or inspect the orifice 
plate. 

The coils for the contactor cooling gas are in the 
induced-draft double-flow tower, which is 63 feet 
wide, 121 feet long, and 35 feet high, with open bent- 
tube sections and a 10-foot coil shed which is used for 
all cooling in the plant. The towers have five 
double cells, each with 8 bays, and five 184-inch 
three-bladed fans driven at 200 rpm by 50-horsepower 
electric motors. The heat load represented by water 
cooling is 107,000,000 Btu per hour, and including 
evaporative cooling .in the coil shed is 110,200,000 Btu 
per hour. The water capacity at 100° F. is 13,400 gpm, 
hot water temperature 100° F., and cold water 84° F. 
Wet-bulb temperature is 79° F. 


Emergency Shutdown 


The plant can be shut down by a dual system from 
six emergency stations located throughout the plant. 
The stations operate piston valves and regulators on 
one system to stop operation of the plant, except for 
the boilers. The second system shuts down the 
boilers and the plant. Inlet and outlet gas is shut 
down, absorbers and contactors are vented to atmos- 
phere, boiler fuel is cut off, high-pressure pumps are 
stopped, and snuffing steam is turned into the direct- 
fired heaters. 








Meters 


Utilizing two meter runs with 
the third as an auxiliary, permits 
the operator to check orifice 
plates or repair the meters. 
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er VER the years, the petroleum industry usually Pn a ee ee Peete, 
ne has been capable of producing fuels whose antiknock Pee ¥ > NAA Yun ae 

quality was better than required by most of the cur- - om ea 

le rent engines. That is, the industry at any given time 5 e775 5 
et has been capable of rapidly translating technical 20} Wer > y 
t- knowledge into practice when necessary. It demon- 2 | = 
or strated this ability to an amazing extent in its rapid 815 of} ~ 8 75 
re conversion to the production of 100-octane aviation 
h fuel. Owing in part to its war experience, the oil in- 70 REGULAR GRADE 70 PREMIUM GRADE 
°T dustry today should be farther ahead of the automo- GASOLINE GASOLINE 
of tive industry than ever. It is interesting, therefore, to | | | | 
g begin this survey with the motor-gasoline picture. ys “as Sag Yue ‘ar Yar %s. “an Yas Yas ‘ar Sar 
u Since the immediate future is of primary importance, MONTH AND YEAR MONTH AND YEAR 
1 the significant data on which to base any predictions FIGURE 1 


are to be found in what has happened to motor fuel Trends in Gasoline Antiknock Levels Since VJ Day. 
antiknock quality since V-J Day when the industry 
began to convert its gigantic wartime plant for 100- 


octane aviation fuel to the manufacture of motor fuel. The latter are values for a single sample, of course, 


" Figure 1 shows the trends in the-Motor and Re- and the maximum Motor and Research ratings at any 
t. search method octane ratings of regular and pre- time were not necessarily obtained on the same sam- 
n mium-grade gasolines since the initial lifting of all Ple. These curves show the dip in antiknock levels 
r restrictions on civilian fuel just after V-J Day. The Which fuels took during the latter part of 1946 as a 
e solid and dotted lines represent Motor-method and result of the reinstating of government restrictions 
t Research-method ratings, respectively. The heavy 0n tetraethyl lead and maximum octane numbers. 

- limes are the average fuel ratings by the respective Although average Motor-method data on gasolines 
e methods throughout the United States, while the are readily available for the years before the war, 


- light lines are the maximum values at any one time. corresponding Research-method data are very limited 


= the past fifteen to twenty years, the gasoline pro- 
vided by the petroleum industry generally has been better from 
an antiknock standpoint than the design of the majority of the 
contemporary cars required. This situation has been not only 
beneficial but necessary to a smooth evolution in motor trans- 
portation. It is obvious that the automotive industry could not 
afford to place many cars on the market requiring fuels better 
than those generally available. However, there always has been 
a small minority of engines and vehicles which were designed to 
take full advantage of the best fuel available. These have been 
the pace-makers, pointing the way to probable industry-wide 
developments over the next few years. Fortunately, refining tech- 
nology has attained a degree of flexibility which has permitted 
the oil industry to accept the leadership imposed upon it. As 
the leader, it is important that the oil industry keep abreast 
of the contemplated changes in automotive design forecast by 
the pace-makers. Conversely, it is equally important that the 
automotive industry appreciate the limitations of petroleum re- 
fining so that the two may progress together. 

The past twenty years have witnessed remarkable progress in 
the knowledge of the interdependence of fuels and engines. This 
knowledge is far from complete, but it does permit hazarding 
some guesses as to the manner in which the present trends in 
fuels composition and antiknock quality and the present trends 


in automotive engine design are likely to react on one another. 
Since the subject is one of tremendous scope, it seems advisable 
to confine this discussion to the immediate future, that is, to the 
interval up to about 1950. 

The automotive industry, in its effort to keep total production 
at a high level, has made no essential changes in its 1947 models. 
It is intimated that few changes are contemplated even for 1948. 
It seems likely, therefore, that the first particularly different 
automobiles will be those produced in 1949 or 1950. These 
vehicles are already past the drawing-board stage. Their exact 
specifications are closely-guarded trade secrets, but the industry 
as a whole talks freely of the type of changes which are under 
discussion. 

It is also possible to talk with reasonable accuracy of the 
trends in. gasoline composition and antiknock quality which are 
likely to obtain up to about 1950. There is the example of some 
of the 100-octane war plants which have been converted to motor- 
fuel production on which to draw in predicting the capabalities 
of the petroleum industry over the next four or five years. To 
extend the analysis beyond these forseeable’ future possibilities 
in either industry would require pure conjecture and reduce 
whatever practical significance this discussion may have. 

Presented before the annual meeting of the Western Petroleum 
Refiners Association, San Antonio, March 24-26, 1947. 


































a * Ps) 











April, 1947A Gulf Pablishing Company Publication {389} 99 


so that it is possible only to estimate the average pre- 
war sensitivity of fuels. Sensitivity is defined as the 
Research-method rating minus the Motor-method 
rating. Such data as are available indicate that, on 
the average, prewar motor fuels were about of the 
quality shown in Table 1. Similar data for the present 
from Figure 1 are included for comparison. These fig- 
ures indicate that the petroleum industry is now able 
to make fuels which are not only higher in Motor- 
method octane number but also of greater sensitivity 
than their prewar predecessors. 











TABLE 1 
Pre-War Post-War 
1941 1946 

Premium Grade: 

Motor Method 80 82 

Sensitivity 6 7 
Regular Grade: 

Motor Method 75 77 

Sensitivity 5 6 











The most recent antiknock data for January and 
February, 1947, since all government restrictions 
have once more been lifted, demonstrate that the 
initial upward trend just after V-J Day has been re- 
sumed. Octane numbers and sensitivities are ap- 
proaching the levels they attained in the fall of 1945. 
In predicting where these values may go between 
now and 1950, the maximum octane number data are 
an excellent guide. Regular grade fuels of 80 Motor- 
method and 88 Research look entirely feasible while 
premium grade fuels of 85 Motor, 95 Research rating 
appear to be equally likely. The existence of a fair 
proportion of samples over the last year at these 
levels is rather convincing evidence of the reasonable- 
ness of such predictions. 

Naturally, refiners who are in a position to make 
such fuels economically are likely to do so. Other re- 
finers may as a result find themselves at a competi- 
tive disadvantage. This latter group may take com- 
fort from the fact that the present passenger-car pop- 
ulation probably does not require such fuels and that 
they can get by without serious complaints from their 
customers until such time as the automotive industry 
puts new engines of higher requirement on the mar- 
ket. Actually, it is an interesting fact that, as Hebl 
and Rendel stated back in 1939, “The so-called octane 
requirements (of cars) are not a direct function of 
the design of the cars or their operating conditions, 
but depend largely on the octane number of the fuel 
available to them in any given territory.”” 

This fact is illustrated in Figure 2. Surveys of the 
octane requirements of the passenger-car population 
current at any time have not been conducted on any- 
thing like the controlled, regularized basis of surveys 
of the laboratory octane numbers of available fuels. 
Consequently, the data presented in these curves are 
scattered and by no means infallible. However, they 
do illustrate the point made by Hebl and Rendel. In 
this figure, the heavy line of open dots represents the 
approximate octane number of the secondary refer- 
ence fuels required to satisfy 80 percent of the cars 
tested, while the heavy line of solid dots represents 
the octane number of fuel required, in terms of sec- 
ondary reference fuels, to satisfy 90 percent of the 
cars tested. The light lines have been added to indi- 
cate the Motor-method level of the premium and reg- 
ular grade fuels generally available at any particular 
time. 

At first glance, it would appear that the premium 
~THebi, L. BE. and T. B. Rendel, J. Soc. Auto. Eng. 44, 210 (1939). 
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fuels available up to 1940 were barely good enough 
to satisfy 90 percent of the cars on the road. It must 
be remembered, however, that the octane-require- 
ment curves are actual road requirements. The avail- 
able fuels, for which only Motor-method octane num- 
bers are shown, had road octane values several oc- 
tane numbers higher, depending upon their sensitiv- 
ity. It is a reasonable assumption that the regular- 
grade gasolines made available by the petroleum in- 
dustry usually satisfy at least 80 percent of the cars 
so that it is likely that the road value of the regular- 
grade gasolines available between 1936 and 1940 ap- 
proximated rather closely the octane requirement 
curve for 80 percent of the cars. The same type of 
reasoning indicates that, in general, premium-grade 
gasolines have had road antiknock values which were 
higher than required by 90 percent of the cars. 

It will be noted, however, that as octane numbers 
have climbed, the requirements of the cars also have 
increased. The 1941 data are particularly interesting 
in this connection. The curves show that the octane 
requirements of the cars at this time were approach- 
ing premium-gasoline quality to a greater extent than 
ever before. It should be remembered that the engine 
manufacturers deliberately retard their distributor 
curves from maximum power spark advance, espe- 
cially at low speeds. Thus, when fuel antiknock qual- 
ity allows it, the motorist can derive benefit from 
advancing the spark toward maximum power setting. 
This point is illustrated by the open and solid squares 
below the octane-requirement lines for the 1941 data. 
These are the corresponding octane requirements of 
the same group of cars tested after the basic spark 
settings had been adjusted to the manufacturer’s rec- 
ommendation. It can be seen from these points that 
the availability of better gasolines encourages motor- 
ists to advance spark timing to take advantage of the 
fuels. Another factor which influences this tendency 
toward increased requirement is that with better fuel 
in the tank, the motorist drives his car longer before 
deposit accumulation reaches a level where knocking’ 
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FIGURE 2 
Trends in Octane Requirement and Fuel Antiknock Quality. 


is bothersome or actual trouble forces him to give his 
car mechanical attention. 

The only octane-requirement data at hand for re- 
cent car populations are those shown for the latter 
part of 1945. These are connected to the 1941 data by 
the heavy dotted lines. If it is assumed that these 
dotted lines are reasonable estimates of the require- 
ments of civilian cars during the war period, it 1s 
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asy to see why the drastic reductions in the quality 
of civilian fuels necessitated by the emergency 
ought such an increase in knocking complaints. 
fven premium-grade fuels were barely able to satisfy 
y) percent of the cars. The 10 to 15 percent of the 
ars which required fuel of better quality than the 
werage premium were subject to considerable dif- 
jculty. As a result, spark timing was retarded and 
in certain cases compression ratios even were de- 
ceased to accommodate the cars to the fuels avail- 
ible, with attendant losses in performance and econ- 
omy, of course. This situation also helps to explain 
the decided swing toward premium-grade fuels which 
tok place during the war years. This habit, once 
iormed by the motoring public, has persisted so that 
pemium-gasoline sales remain at about 40 percent 
of the total. 
The late 1945 data indicate that fuels are once 
wain in advance of the engine requirements. It will 
ienoted that, for the first time, regular-grade gaso- 
lines probably have sufficient antiknock quality on 
the road to satisfy at least 90 percent of the cars. 
This is to be expected from the trends toward greater 
ensitivity illustrated in Figure 1. Premium-grade 
gsolines are obviously much better than required 
yy any but a few models. However, before refiners 
rho are struggling to meet octane competition take 
y particular comfort from this momentary advan- 
age, they should remember the facts illustrated by 
ie data from 1936 to 1941. When these better fuels 
we made available in large quantities in an area, the 
as there gradually begin to require them. It is safe 
predict that when the higher-octane fuels have 
een available for six months to a year, that is by the 
md of 1947, a survey of the octane requirements of 
ars at that time will show an upward swing. This, 
{course, is provided there are no further curtail- 
nents of the industry’s progress. 


Trends in Automotive Engine Design 

The fuel requirements of the car population from 

47 on naturally will be affected by the influx of new 
ithicles. The 1947 models now available differ very 
tle from the 1946 cars, and the automotive industry 
itimates that no drastic changes in design are con- 
tmplated for 1948. If this situation does obtain, it is 
ale to assume that for the next two years fuel re- 
wirements largely will follow the pattern of previous 
As better fuels are made available, the mo- 

ost will take advantage of the improved operation 
which they permit by advancing spark settings to- 
vad maximum power. The octane requirement of 
ie cars in relation to the Motor-method value of 
wailable fuels was indicated in Figure 2. Octane re- 

lirement data of this type represent the maximum 
ad antiknock quality required, in terms of second- 

ty reference fuels, regardless of the engine speed at 

vhich maximum knock may occur. In order to relate 
tends in engine design and the antiknock charac- 
tistics of fuels, it is necessary to go deeper into the 

vay the engines and fuels react to changes in speed. 
The Borderline method of road knock testing is an 

‘xcellent tool for examining these characteristics. 
‘his method utilizes the relationship between igni- 
on timing, engine speed, and fuel knocking ten- 

tency, It was adopted by the Coordinating Research 
Council as a standard road-test procedure for gaso- 

ines in 1941 and carries the official CRC Designation 
$A-943. Special equipment is necessary for con- 
lucting tests by the Borderline method. The car must 
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be equipped with a fixed distributor, that is, one 
which will not advance the ignition timing with en- 
gine speed, and a satisfactory means for adjusting it 
from the driver’s seat. Likewise, there must be a suit- 
able means for determining the spark advance while 
the engine is being operated on the road; an elec- 
tronic or stroboscopic indicator is satisfactory for 
this purpose. There also should be a tachometer, 
since engine “revolutions per minute” rather than 
car “miles per hour” usually is used to indicate speed. 
The procedure for determining the borderline 
curve for a fuel is as follows: The car first is operated 
for a sufficient time to insure that the test fuel has 
displaced completely the original tank fuel in the 
fuel system. Then, the ignition timing is set man- 
ually to a relatively low advarice, usually 2 to 6 de-: 
grees before top dead center. The car is slowed down 
to as low a speed as possible in high gear, generally 
about 500 to 660 rpm, and then accelerated with wide- 
open throttle; the speed at which the knock dies out 
is noted. This gives one point on the borderline 
curve—representing the two dimensions, spark ad- 
vance and knock-die-out speed. The timing then is 
advanced 2 degrees and the entire procedure re- 
peated to give the second point on the curve. This 
process is continued until the complete curve ‘has 
been established for the spark advance and engine- 
speed range under consideration. Care must be taken 
to prevent excessive knocking, since this will affect 
the reproducibility of the knock-die-out point. 
Borderline-test data usually are plotted as shown 
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Borderline Knock Curve. Method Used to Obtain Curve for Any Fuel. 


in Figure 3. The light dotted line represents the dis- 
tributor spark advance curve for the particular en- 
gine in which the tests were conducted. For a fuel not 
to knock in. this car, it must be able to tolerate at 
least as much spark advance at all speeds as that pro- 
duced by the distributor-advance mechanism. Wher- 
ever the solid line representing the borderline curve 
for the test fuel falls below the distributor-spark- 
advance curve, the engine is considered to be knock- 
ing. The Borderline curve for this fuel indicates that 
it will knock in the range from 700 to 1,800 rpm. 

In this example, the actual knock-die-out points ob- 
tained on the road are indicated by the heavy dots to 
illustrate the number of points actually obtained in 
the development of a curve of this type. Each die-out- 
point is checked twice on the road; if there is still 
some doubt in the operator’s mind, additional ac- 
celerations are made until the knock-die-out speed 
for any spark advance has been established definitely. 
The individual poifits are not shown on other Bor- 
derline curves in this discussion, but all were ob- 
tained and recorded in a similar manner. * 

The Borderline curve obtained in this way will be 
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indicative only of the antiknock characteristics of the 
test fuel in the particular type of engine in which the 
tests were conducted, inasmuch as there is a differ- 
ence in knocking tendencies between different types 
of engines. With this test procedure, the valve-in- 
head engine tends to knock more severely at low 
speeds than the L-head engine. It is advisable to de- 
termine the Borderline curve of a test fuel in dupli- 
cate engines of each type. This procedure will permit 
accurate evaluation of the characteristics of fuels, 
and will indicate whether antiknock quality is likely 
to be utilized to best possible advantage. 

The octane number of a fuel or the octane require- 
ment of an engine at any engine speed can be ob- 
tained by also developing Borderline patterns for a 
series of reference fuels which completely bracket the 
spark-advance range of the test fuels and the distrib- 
utor curve. The Borderline curves for the reference 
fuels usually are referred to as the reference fuel 
framework. Test-fuel octane numbers are obtained 
by interpolation between their Borderline curves 
and the reference fuel framework at any engine speed. 
Engine octane requirement at any speed is obtained 
by interpolation between the distributor-spark-ad- 
vance curve and the reference-fuel framework. These 
procedures are illustrated in Figure 4. 
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Estimation of Equivalent Road Octane Number from Borderline Curves. 


In most of the conventional cars on the road the 
maximum octane requirement as determined by the 


Borderline method occurs in the low-speed range. A ° 


typical curve is shown by the solid line in Figure 5. 
As engine speed increases, the octane requirement of 
the usual current automotive engine decreases, how- 
ever, so that at 3000 rpm, or approximately 60 mph, 
it probably requires a fuel some 8 or 9 octane num- 
bers lower than it did at 800 to 1000 rpm, or up to 
about 20 mph. The octane numbers shown should be 
considered only as a qualitative guide. Actual levels 
will vary greatly, depending upon the type of engine 
and its compression ratio. In general, the octane- 
requirement curve for a valve-in-head engine is 
steeper than that of an L-head engine, demonstrating 
that the former is relatively more severe at low 
speeds. However, both types usually have their 
greatest requirement in the low speed range. 
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The importance of spark adjustment in altering 
fuel requirements was stressed in connection with 
Figure 2. The dotted line in Figure 5 illustrates the 
manner in which changing basic ignition timing may 
affect the fuel octane requirement over the speed 
range. The indicated change of 5 degrees in basic set- 
ting has increased the maximum requirement of this 
engine by about 6 octane numbers. This occurs in the 
low-speed range where the engine is already most 
critical. It will be noted, however, that. the increase 
in octane requirement as a result of change of basic 
setting becomes progressively less as speed increases 
so that at 3000 rpm the requirement has only risen 
about 2 octane numbers. It should be remembered 
that the spark is advanced because fuels are available 
which will permit it. Motorists tend to take advan- 
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FIGURE 5 
Effect of Advanced-Spark Timing on Octane Requirement. 
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tage of the gains in performance and economy which 
better fuels permit them to achieve. In the example in 
Figure 5, low-speed octane requirement has been in- 
creased to a maximum of about 81, in terms of sec- 
ondary reference fuels. This is the road octane re- 
quirement of the engine and is not to be confused 
with the Motor-method octane number of any par- 
ticular available fuel. The more sensitive gasolines 
now being made available have road performances 
which exceed their Motor-method values by a sub- 
stantial margin, depending upon the degree of sen- 
sitivity and the chemical composition of the fuel. It 
is reasonably sure that an engine such as the one 
illustrated here with advanced timing will operate 
satisfactorily on present-day gasolines. 

To carry this analysis beyond 1948, it is necessary 
to make some predictions as to the changes in auto- 
motive design which the industry contemplates mak- 
ing in its 1949 to 1950 models. Two design changes 
which will have substantial effect on engine-fuel re- 
quirements and which may be widely adopted by 
1950, are higher compression ratios and improved au- 
tomatic transmissions .or torque converters. The 
automatic transmission has had considerable testing 
in actual driving since its adoption in. two different 
forms by Chrysler and Oldsmobile in 1938 and 1939, 
respectively. The general interest of the public in de- 
vices which eliminate the conventional gear shift has 
encouraged all of the manufacturers to devote con 
siderable effort to developing satisfactory automatic 
transmissions. Even the manufacturers in the low 
priced field expect to use such mechanisms. 

With this prospect in view, it is interesting to con- 
sider how the fuel requirements of the vehicles 5° 
equipped may be affected, In Figure 6, the light solid 


Petroleum Refiner—V ol. 26, No. f 





line 
rans 
pres 
quir 
is 11 
fuel 
hicle 
equi 














stage 
conve 
Data 
speed 
octan 
matec 
with 
hicle 
the fl 
repres 
quiret 
transt 
quirer 
the fa 
ing th 
engine 
cal. T 
greate 
decrea 
slight. 
to pre 
lower 
having 
sion. 
The 
fconor 
engine 
sions, 
conver 
compri 
atan ¢ 
Cates t 
mately 
On Fi 
require 
with a 
heavy | 
































April, 1: 





le 


line indicates the octane requirement over the speed 
range of a conventional vehicle with a 6.1 to 1 com- 
pression ratio engine. It shows the typical high re- 
quirement at low engine speed, dropping off as speed 
is increased. The light dotted line is the estimated 
fuel requirement curve of the same engine in a ve- 
hicle equipped with a fluid torque converter. Since 
equipment of this type is still in the development 


STANDARD VEHICLE 





6.1 TO IC.R. —— 
7.1 TO ICR. a 
WITH FLUID TORQUE CONVERTER 
6.1 TO ICR. org 
7.1 TO ICR. aad 
90 = ma 








@ 
a 











8 









L+—p— 

















! 
iF 
| 


~y 
° 














| 
| 








OCTANE NUMBER REQUIREMENT 
MOTOR-METHOD CALIBRATION, SECONDARY REFERENCE FUELS 
i) 
iS] 


3 
| 
| a A oe ca 


l 
20 30 40 50 60 
VEHICLE SPEED, MPH 


FIGURE 6 
Effect of Fluid Torque Converter on Octane Requirement. 
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stage, NO passenger cars embodying the fluid torque 
converter have been available for actual fuel rating. 
Data are available, however, on the relation of engine 
speed to vehicle speed with such installations. The 
xtane-requirement curves depicted here were esti- 
mated from the known data on the standard vehicle 
with proper allowances for the alteration in the ve- 
hicle speed to engine speed relation introduced by 
the uid torque converter. These curves, therefore, 
represent only the relative differences in octane re- 
quirement which may result from the use of such 
transmissions. It will be noted that the octane re- 
quirement of the vehicle drops noticeably owing to 
the fact that the fluid torque converter prevents load- 
ing the engine at low speeds where the conventional 
engine with conventional transmission is most criti- 
cal. The octane requirement of such a vehicle is still 
greatest at low speeds, however, but in this case the 
decrease in requirement with increasing speed is 
light. In other words, fluid torque converters tend 
to produce vehicles whose fuel requirements are 
lower and show less change with speed than those 
having the same engines with conventional transmis- 
sion, 

The fluid torque converter, however, decreases fuel 
tconomy, owing to slippage. Some of the automotive 
ngineers, who have been working on new transmis- 
‘ions, are of the opinion that the use of fluid torque 
converters will have to be accompanied by increased 
compression ratios in order~to retain fuel economy 
tan acceptable -level. The information at hand indi- 
tates that in most instances an increase of approxi- 
mately one ratio will be necessary to accomplish this. 
On Figure 6, the heavy solid line shows the octane 
quirement curve of the standard vehicle equipped 
with a 7.1 to 1 compression ratio engine while the 
teavy dotted line indicates the estimated fuel require- 
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ments of a vehicle of this same compression ratio 
equipped with a fluid torque converter. Combining 
increased compression ratio and fluid torque con- 
verter brings the octane requirement at low speeds 


‘ back to approximately the level of the original vehicle 


with an engine of lower ratio and conventional trans- 
mission. However, the shape of the curve is now such 
that octane requirement remains fairly constant over 
the speed range. In other words, this trend in engine 
and vehicle design will tend to increase high-speed 
octane requirement while maintaining the critical low 
speed requirement at approximately the customary 
levels. Since it has not been possible to check these 
predictions in cars on the road, they do, of course, 
represent only a rationalization of the situation as 
it appears from the available information on the 
characteristics of the fluid torque converter. 

Such trends are of great import to the petroleum 
industry. They stress the fact that while it is still of 
primary importance to build fuels with good low- 
speed antiknock characteristics, it is also necessary 
to see that the fuels to be used in such vehicles main- 
tain their antiknock quality over the speed range. 
Fuels which knock at low speeds in vehicles of the 
type depicted here are liable to continue knocking 
over the greater portion of the speed range. Such 
persistent knocking may be far more damaging than 
the type of knock to which the industry is accus- 
tomed from past experience, which generally obtains 
briefly up to about 20 mph and then vanishes. 


Motor-Fuel Antiknock Characteristics on the Road 


In view of the probable octane requirements 
throughout the speed range of cars which will be 
available up to 1950, it is now of interest to examine 
the road antiknock characteristics of the fuels which 
are likely to be marketed during this period. It should 
be apparent from the previous discussion that the 
problem is not one of the basic octane number of the 
fuels, but of their effective antiknock quality on the 
road, and particularly the variation of inherent anti- 
knock quality with engine speed. All of the fuels dis- 
cussed in the following section were rated on the road 
in conventional type vehicles. 


FUEL "A" HIGHLY PARAFFINIC 
FUEL "8B" HIGHLY OLEFINIC 
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Borderline Knock Curves. 


The usefulness of the Borderline method for study- 
ing the variation of fuel antiknock quality with en- 
gine speed is demonstrated in Figure 7. Fuels A and 
B are distinctly different in chemical composition, 
one being highly paraffinic, like a straight run gaso- 
line, the other being highly olefinic, like a cracked 
gasoline. By the older methods of knock rating gaso- 
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lines on the road, both fuels are assigned the same 
road octane number. The older Uniontown method 
simply brackets the fuels in terms of maximum knock 
intensity between reference fuels of known octane 
number which knock just slightly less and slightly 
more than the test fuel. This method pays no atten- 
tion to the speed at which maximum knock occurs, 
and consequently, gives no information as to the 
antiknock properties of the fuels in the speed range 
in which there is no knock. The Borderline patterns 
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Regular-Grade Gasoline, 70 Percent Cracked, 30 Percent Straightrun. 


of these fuels, however, indicate clearly the differ- 


ences between them. The highly paraffinic fuel, A, 
knocks severely in the low-speed range from 800 to 


about 1800 rpm but is much better than the engine 
requires at high speeds. The highly olefinic fuel, B, 
has excellent low-speed antiknock characteristics but 
knocks at high speeds above 2800 rpm. 
Actually, most motor fuels are blends of these two 
extremes. In Figure 8 are shown the Borderline 
OCTANE NUMBER 
FUEL MOTOR RESEARCH 
m= REGULAR GRADE BASE 760 81.5 
mms + N-PENTANE 720 795 
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Effect of Type of Light Blending Agent on Low-Speed Antiknock Quality. 
All Fuels Contain 1.5 c.c. Tetraethyl Lead Per Gallon. 
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curves of a typical commercial regular grade gaso- 
line, consisting of about 70 percent cracked gasoline 
and 30 percent straightrun gasoline, clear, and with 
the addition of three concentrations of tetraethy] lead. 
To satisfy the engine in which these tests were con- 
ducted requires the addition of 1.5 c. c. of lead to this 
base stock, giving a fuel of about 76-Motor-method, 
81.5-Research-method octane rating. On the road, 
this blend rates only 75 according to the borderline 
data, but this is satisfactory for the engine which, 


104 = [394} 


incidentally, happens to be an L-head type of 7.5 to] 
compression ratio. However, the important thing js 
not the equivalent road octane rating of this fuel at 
the speed of maximum knock, but the shape of the 
fuel’s Borderline curve. It will be noted that the fue] 
pattern tends to be quite flat over the lower part of 


. the speed range. The engine requirement curve, on 


the other hand, is steepest in this portion of the speed 
range. Thus, when the requirement of the engine in- 
creases, either as a result of carbon accumulation, or 
through spark-timing adjustment as suggested by the 
dotted line on the figure, fuel of this type begins to 
knock at low speeds. Even with the addition of a full 
3.0 c. c. of lead, the tendency to low-speed knock re- 
mains. 

This is a characteristic of the majority of typical 
prewar motor-fuel stocks. A great deal of work has 
been directed toward determining the factors which 
influence the inherent road antiknock characteristics 
of fuels, and especially their low-speed performance 
since at present this is the range in which knocking 
is most critical. Experience has indicated that the 
chemical composition of the lowest-boiling fractions 
of the fuel is of primary significance in this respect. 
This fact is demonstrated in Figures 9 and 10. The 
series of fuels shown here was prepared by stripping 
the regular-grade base stock just discussed through 
its C, fraction, the material removed constituting 
about 19 percent of the total fuel. To 81 parts of the 
stripped base were then added 19 parts of each of the 
light blending agents to be tested. 

The fuels were rated in the laboratory and on the 
road, clear, and with three concentrations of tetra- 
ethyl lead. For simplicity only the blends containing 
1.5 c. c. of tetraethyl lead per gallon are shown on 
these curves. It will be recalled that this is the lead 
concentration required in the original base stock to 
just satisfy the antiknock requirements of the test 
engine. The light paraffinic blending agents shown 
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Effect of Type of Light Blending Agent on Low-Speed Antiknock Quality. 
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in Figure 9 effected changes in the road antiknock 
characteristics of the base fuel which were roughly 
in line with the indicated changes in laboratory 0% 
tane number. Thus, the substitution of n-pentane de- 
creased the Motor-method rating of the base by about 
t octane numbers, and there was a corresponding 
derating on the road throughout the whole speed 
range. Iso-pentane and neohexane, on the other hand, 
improved both the Motor and Research ratings som® 
what, and the road ratings of these blends wet 
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slightly better than that of the base fuel. In all cases, 
however, the Borderline curves of the blends parallel 
the Borderline pattern of the base fuel, so that when 
the octane requirement of the engine increases as 
suggested by the dotted line, even the iso-pentane and 
neohexane blends will knock up to 1500 to 1800 rpm. 


Improvement in Low-Speed Performance 

In contrast to the light paraffins, the substitution 
of the olefinic blending agents shown in Figure 10 
made a substantial improvement in low-speed anti- 
knock performance of the base fuel. The normal 
olefin, pentene-2, was less effective.than the highly- 
branched trimethylethylene, of course, in keeping 
with the general superiority of branched-chain com- 
pounds over their straight-chain isomers. As a result 
of this improvement in low-speed performance, such 
fuels are not likely to give trouble when the require- 
ment of the engine increases as suggested by the 
dotted line. The trimethylethylene blend is even bet- 
ter than the engine requires at this level, a fact which 
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FIGURE 11 
High Sensitivity Gasoline No. 1, Made by Catalytic Cracking. 


could not have been deduced from its Motor-method 
rating which is only 0.5 to 1.0 octane number better 
than that of the other blends. 
_ The curve for the blend containing cyclopentane is 
included with the olefins as a matter of interest. Al- 
though cyclopentane is a naphthene and might have 
been expected to act more or less as the paraffins do, 
it actually has the same type of effect on low-speed 
periormance as an olefin. 
; Consideration of the curves presented in Figures 
’ and 10 will suggest that good low-speed perform- 
ance is a function of fuel sensitivity. Concentrating 
olefins in the light portion of the boiling range does 
merease sensitivity as the Motor and Research oc- 
tane numbers of these blends indicate. The knowl- 
edge that higher Research ratings usually mean that 
there are more olefins in the fuel, and thus, that the 
low-speed performance is better has led many re- 
iners to control and/or specify their products on the 
basis of Research octane number. Such a criterion 
may be misleading if used alone, especially in view 
of the changes in the octane requirements of vehicles 
with respect to speed which have been discussed ear- 
lier in this paper. 

Figure 11 presents the Borderline curves for a 


high-sensitivity gasoline, No. 1, made by catalytic 
cracking, clear and with the addition of 0.5, 1.5, and 
3.0 c. c. of lead per gallon. Comparable data obtained 
both in an L-head and valve-in-head engine are 
shown. It will be noted that the clear fuel with an 
82.1 Motor-method octane number and a sensitivity 
of about 13 satisfies the low-speed requirements of 
both engines, but is not adequate at high speeds in 
the valve-in-head, and is barely good enough for the 
L-head engine in this speed range. Considering that 
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High Sensitivity Gasoline No. 2, Made by Catalytic Cracking. 


engine requirements may increase, as the vehicles 
are driven, in somewhat the proportions indicated by 
the dotted line for 5-degree advance in basic spark 
timing, it is apparent that this tendency toward high- 
speed knock in fuels of this type may present serious 
problems. Even with the addition of a full 3.0 c. c. of 
tetraethyl lead, such a fuel is barely satisfactory at 
high speeds when the requirement has increased. 
This possible situation would never be suspected 
from a consideration of the laboratory octane num- 
bers of the fuel nor from a typical road octane num- 
ber determination by the CFR Uniontown method. 
Furthermore, such fuels are likely to give real trouble 
at high speeds when vehicles with fluid torque con- 
verters and higher-compression-ratio engines become 
generally available since, as the previous discussion 
has indicated, the high-speed antiknock requirements 
of such vehicles tend to be substantially above those 
of conventional cars. 

Not all high-sensitivity fuels are of this type, of 
course. Figure 12 presents similar Borderline curves 
at four lead concentrations for catalytically-cracked 
fuel, No. 2, which has excellent high speed antiknock 
characteristics. Although the Borderline curves are 
quite flat in the low-speed range, the response of this 
fuel to tetraethyl lead additions, at low speeds as well 
as high, tends to compensate for the inherent weak- 
ness shown by the clear fuel. With the addition of 
1.5 c. c. of lead, such a fuel should be satisfactory 
over the whole speed range in both the L-head and 
valve-in-head engines shown here, even if octane re- 
quirement should increase as a result of spark-timing 
changes or the installation of a fluid torque converter 
coupled with a higher-compression-ratio engine. 

Certain types of thermal cracking also give high- 
sensitivity gasolines which approach the desirable 
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a consideration of the data shown in 
leaded blends of these three fuels which appear to 


examined, 


antiknock properties demonstrated by fuel No. 2. Fig- 
ure 13 presents the Borderline curves for high-sensi- 
tivity gasoline No. 3 made by thermal cracking. For 
comparison with the previous fuels, the curves are 
shown as determined in the same two engines al- 
though this gasoline is 5 to 7 octane numbers lower 
in clear Motor-method rating. It is hardly fair, there- 
fore, to consider its antiknock properties in relation 
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FIGURE 13 
High Sensitivity Gasoline No. 3, Made by Thermal Cracking. 


to the requirements of the engines. Hf the shape of the 
Borderline curves rather: than their octane levels is 
however, it will be seen that fuel No. 3 


tends to approach the characteristics of fuel No. 2 


on the road. The borderline patterns of the clear fuel 
show 
and high speeds, but its good road lead susceptibility 
compensates to a large extent for these inherent de- 
fects. With the addition of 
will satisfy the requirements of the two types of en- 
gines when essentially free from combustion-cham- 
ber deposits, and is nearly good enough to withstand 
increases : 
spark timing. 


it is inherently somewhat weak at both low 


3.0 c. c. of lead, this fuel 


in engine requirement due to advanced 


Some interesting indications can be derived from 
Table 2 for the 


best satisfy the projected requirements of the test en- 


gines. It is an interesting point that the blends re- 
quired to satisfy the engines have essentially the 
same Motor-method octane number, about 85. A cer- 


tain degree of sensitivity obviously is necessary in or- 
der to hold this Motor-method level on the road. It 


TABLE 2 
Summary of Antiknock Data 


HIGH SENSITIVITY GASOLINE 








Ne.1 | Ne.2 No. 3 
Tetraethyl Lead, oc./Gallon 3.0 | 1.5 3.0 
Octane Number: | 
Motor Method 84.4 85.2 83.0 
Research Method | 100.0 96.7 94.3 
~ Equivalent Road: } | 
1000 r.p.m., L-Head 92.5 | 89.0 87.5 
1000 r.p.m., Valve-in-Head 95.0 92.5 91.0 
2500 r.p.m., 88.0 } 90.0 | 86.5 
2500 r. — A. — 88.5 90.5 86.5 
Laboratory Sensi 15.6 N5 | 11.3 
Laboratory Lead ‘Busceptibility 2.3 | 8.3 7.8 
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TABLE 3 . 
Hydrocarbon Type Analysis of Fuels 1, 2, 3 
‘HIGH SENSITIVITY GASOLINE 
Ne. 1 No. 2 eee 
Light Cut, IBP to 140° F.: 
ercent Olefins 73.0 21.2 43.0 

Percent Aromatics 

Percent Paraffins 27.0 78.8 57.0 

Percent Naphthenes. . ; 

Percent of Total Fuel. 14.3 22.0 21. 

Octane Number, Motor 90.2 91.2 86.7 

Octane Number, Research Over 100 99.5 99.0 
Heavy Cut, 248° F. to EP.: 

Percent Olefins 24.0 1.2 20.8 

Percent Aromatics 64.2 54.0 36.1 

Percent Paraffins. . 2.0 4.9 5.7 

Percent Naphthenes. . 10.9 39.9 37.9 

Percent of Total Fuel 48.8 51.3 39.9 

Octane Number, Motor 73.6 77.9 71.0 

Octane Number, Research 81.0 87.5 79.3 
would appear, however, that if this sensitivity is 


gained at the expense of a drastic decrease in lead 
susceptibility, as in fuel No. 1, the advantage of en- 
hanced road rating at low speeds is no guarantee of 
satisfactory performance over the speed range. 

An analysis of the hydrocarbon compositions of 
these three fuels furnishes better evidence of their 
relative road antiknock and road lead susceptibility 
properties. A good deal of experience along these 
lines has indicated that it is the composition of the 
lightest and heaviest fractions of the fuel which is of 
primary significance. Up to the present time, no cor- 
relations of road performance with the hydrocarbon 
type compositions of more specific cuts have proved 
practicable. In Table 3, therefore, only the analyses 
of the lightest fraction boiling up to 140° F. and of 
the heavy portion of the gasoline boiling above 248° 
F. have been listed. 

These data show that fuel No. 1, which has the re- 
markable low speed performance, ‘has 4 (3 percent ole- 
fins in its lightest fraction. Fuel No. 2 which is par- 
ticularly good at high speeds and has excellent road 
lead susceptibility has almost no olefins in its high- 
boiling fractions. Many data are available to substan- 
tiate this evidence that low-speed performance im- 
proves with increasing olefin content of the lightest 
fractions, and high-speed performance and road lead 
susceptibility improve as the olefin content of the 
heavy tractions is reduced. 

Fuel No. 3, which falls between these two limits in 
road performance, has about 43 percent olefins in the 
front end and about 20 percent olefins in the heavy 
end. It seems unlikely that the drop of only 4 per- 
cent in heavy olefins shown by fuel No. 3 in com- 
parison to fuel No. 1 could account entirely for the 
difference in high-speed performance and road lead 
susceptibility demonstrated. It seems more logical 
that although the primary thing is to keep the olefin 
content of the heavy fractions low, it is of secondary 
importance to see that the preponderance of hydro- 
carbons in this portion of the boiling range are those 
which respond well to additions of tetraethyl lead. 
Generally speaking, the paraffins and naphthenes 
have the best lead susceptibility, but previous work 
indicates that the higher-boiling, highly-alkylated 
aromatics also respond well to lead additions. This 
combination of factors appears to justify the super 
ority of fuel No. 3 over fuel No. 1 at high speeds. The 
latter has a combined paraffin-naphthene content in 
the heavy fraction of only 12 percent against about 
44 percent in the former. There is no indication im 
these data as to what percentage of the 64 percent 
heavy aromatics in fuel No. 1 and the 36 percent 
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heavy aromatics in fuel No. 3 might be of the highly 
alkylated type having good lead response, but this 
factor undoubtedly is significant. 


Application of Road Performance Characteristics 
of Fuels to Refinery Operation 


Knowledge of the road antiknock characteristics of 
gasolines in relation to their hydrocarbon composi- 
tions can be used advantageously by the refiner not 
only in determining the most desirable premium-and 
reguiar-grade blends to make but also in deciding 
on the types of new plant equipment to be added. A 
general approach to the utilization of this knowledge 
for these purposes can be gained by an analysis of 
the data presented in Table 4, Parts A and B, which 
give the hydrocarbon compositions of the IBP-140° F. 
and the 248° F. to EP fractions of a number of 
present- -day motor-fuel components. A consideration 
of these data in the light of the previous discussion 
of the influence of hydrocarbon composition on the 
road performance of fuels points out some interesting 
facts about refinery operations. 

Most of the smailer refineries and a number of the 
larger refineries have available for motor-fuel pro- 
duction only straightrun gasoline, mixed-phase 
thermally-cracked gasoline, and catalytic polymer. 
The hydrocarbon analyses of typical examples of 
these components show that blends of these full- 
boiling-range stocks tend to be quite paraffinic in 
the light fractions. Straightrun contains almost 100 
percent paraffins, and the mixed-phase cracked gaso- 
line contains 65 percent paraffins in this range. The 
percentage of polymer boiling below 140°. F. is so 
small that it has comparatively little effect in spite 
of being completely olefinic. As a result, such blends 
tend to be poor at low speeds on the road. In re- 
fineries where vapor-phase thermallv-cracked gaso- 
line is available, motor-fuel blends generally show 



































TABLE 4-A 
Hydrocarbon Type se sae § Moter Fuel shina commenced 
oe Mixed- Vapor- 
| Straight- | Phase Phase | 
| Run | Thermal | Thermal | Catalytic | Thermal 
Gasolme | Cracked Cracked | Polymer | Polymer 
Approx. Boiling Range, °F. 105—270 100—415 | 100—405 | 115—380 105—370 
Light Cut, IBP. to 140° F.: 
Percent Olefins 05 | 36.0 70.0 | 1000 | 340 
Percent Aromatics | | 
Percent Paraffins 99.5 | 64.0 30.0 66.0 
Percent Naphthenes } | 
Percent of Total Fuel 20.2 20.7 21.3 2.1 43.2 
Heavy Cut, 248° F. to EP.: 
Percent Olefins | 1.0" 31.0* 43.0* 83.0 17.0* 
Percent Aromatics 8.0 5.0 25.0 17.0 41.0 
Percent Paraffins 442 | 9.0 17.0 4.0 
Percent Naphthenes | 478 | 550 15.0 38.0 
Percent of Total Fuel 7.2 | 53.3 50.7 29.0 16.8 
| 
* Cut 235° F. to EP. 
TABLE 4-B 
Hydrocarbon Type Analyses Typical Motor fuel Components 
Catalytic | Catalytic | Catalytic 
Poly- Cracked | Cracked | Cracked Hydro 
Formed | Gasoli Gasoli Gasoli Formed 
Gasoline 1 2 3 Gasoline 
Approx. Boiling Ran e, °F | 100—43 100—400 | 90—40 95- _ 
Light Cat, IBPetc ange, .. 25 0 400 | 150—365 
Percent Olefins 43.0 73.0 21.2 56.8 75 
ercent Aromatics : 
Percent Paraffins 57.0 27.0 78.8 43.2 84.3 
ereent Naphthenes 8.3 
ereent of Total Fuel 21.3 14.3 22.0 20.8 2.0 
tavy Cut, 248° F. to EP.: 
Pe nt Olefins ww 20.8 24.0 1.2 12.2 1.4 
teent Aromatics. 36.1 64.2 54.0 46.6 85.1 
ent Paraffins. .. . 5.7 2.0 4.9 21.4 7.8 
nt Naphthenes 37.9 10.0 39.9 19.8 5.7 
ereent of Total Fuel.... 39.9 48.8 51.3 37.9 31.7 
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better low-speed performance owing to the fact that 
this component is generally about 70 percent olefinic 
in the light fractions. 

In regard to high-speed performance and road lead 
susceptibility, the typical blends of straightrun, 
mixed-phase cracked, and polymer probably will be 
satisfactory owing to the highly saturated character 
of the heavy portions of the first two components 
which constitute the greatest share of the fuel. The 
extreme olefinicity of the polymer tends to offset this 
somewhat but usually does not produce a critical con- 
dition. The inclusion of vapor-phase cracked gasoline, 
however, may throw the balance into the critical 
range if present in large volume, since this, compo- 
nent is highly unsaturated in the heavy fractions. 

If vapor-phase cracked gasoline is used instead of 
mixed-phase, it would be highly desirable also to be 
able to substitute thermal polymer for catalytic 
polymer. Thermal polymer, in contrast to catalytic 
polymer, has very good lead susceptibility, as the hy- 
drocarbon data would indicate. This would help the 
critical high-speed condition introduced by the vapor- 
phase gasoline. 

Until the war, these components constituted the 
major portion of all motor-fuel blends. Now, the com- 
ponents shown in Part B of Table 4 are assuming 
more and more significance. It is important that re- 
finers contemplating the addition of one of the new 
types of units recognize exactly how the new fuel 
component will contribute to the road performance 
of older blending stocks. 

Polyforming, which is presently used primarily for 
reforming heavy gasoline, produces a fuel quite a lot 
like thermal polymer in hydrocarbon composition. 
Polyforming is a thermal operation in which the 
liquid charge is cracked in admixture with C, and C, 
gases. Polyformate is somewhat more unsaturated in 
the front end than thermal polymer, which enhances 
its low-speed performance. Though not sufficiently 
olefinic to equal the low-speed performance of vapor- 
phase cracked gasoline, polyformed gasoline offsets 
this by having better road lead susceptibility, and 
usually a higher octane rating. Being primarily a re- 
forming operation, it is not entirely fair to compare 
polyforming to thermal cracking of heavier stocks. 

The three catalytically-cracked gasolines presented 
in Table 4, Part B, have been chosen to demonstrate 
the wide variations in hydrocarbon composition, and, 
therefore, road performance, which are obtainable 
with this processing method, depending upon the 
type of charging stock, the type of catalyst, the crack- 
ing temperature, and the severity of the operating 
conditions selected. In view of the previous discus- 
sion, the data presented here need little further dis- 
cussion. It is important, however, that the refiner 
considering the installation of catalytic cracking do 
so in full knowledge of the type of catalytically- 
cracked fuel he needs to augment his present refinery 
situation. Obviously, the cost of obtaining these dif- 
ferent types of fuel by catalytic cracking varies con- 
siderably. It is possible that some less-expensive 
processing method may be available which will give 
him almost the same result for a smaller investment. 

Hydroforming, though a catalytic-cracking opera- 
tion, produces a far more specific product owing to 
the type of charging stock and the circulation of free 
hydrogen. It is almost entirely paraffinic in the front 
end, and almost entirely aromatic in the heavy frac- 
tions. Road data show it to have unusually good road 
lead susceptibility at all speeds. The hydroformate 
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tested was quite deficient in light fractions, which 
undoubtedly was at least partially responsible for the 
inherently poor low-speed performance noted. 

It is not the purpose of this paper to lay down any 
rules for determining which of the newer types of 
processing refiners should add to their plants. That 
decision rests on a number of factors in addition to 
the road-performance characteristics of the products, 
and is highly individual. One factor which must be 
weighed carefully is the sales balance between gaso- 
line and distillate fuel. In cases where the distillate 
demand is rising, the problem of what to do about 
low-octane straightrun gasoline becomes even more 
acute. Catalytic cracking, as presently carried out 
using gasoil charge, is not helpful in solving this 
problem and operates in direct competition to the 
market for virgin distillate. In many of the large 
plants having cat crackers, a great deal of effort is 
being directed toward using catalytic cracking for 
processing the heavy, residual stocks which do not 
enjoy the market value of the distillate cuts. Some 
sort of reforming appears desirable as a companion 
process. It would seem that this trend is an important 
one in view of the predictions that in the near future 
distillate demands may approach gasoline demand. 


The Fuel-Engine Relation 
The preceding discussion of the road antiknock 
characteristics of fuel components as a function of 
their hydrocarbon compositions, and the relation of 
these inherent fuel properties to the probable anti- 
knock requirements of vehicles over the next few 
years has been treated in its simplest terms. It would 
be a serious omission to conclude this presentation 
without mentioning the influence of certain engine 
factors and test-method variables on the data dis- 
cussed. The fuel-engine relation actually has three 
aspects: 
1. The fuel, including 
a. The inherent antiknock qualities of the different types 
of hydrocarbons. 
b. The blending characteristics of these hydrocarbons in 
the individual mixtures. 
c. The effect of tetraethyl lead additions on the finished 
blends. 


hN 


. The engine, including 

a. The distribution of light and heavy fractions in the in- 
duction system of the multi-cylinder engine. 

b. The inherent severity of the individual engine. 

c. The method of loading the engine inherent in the ve- 
hicle design. 

3. The test method, including 

a. The operating conditions under which it is conducted, 
b. The type of reference fuel used. 

All of these factors operate simultaneously to de- 
termine the characteristics assigned to a given fuel 
or engine. For example, it has been assumed in pre- 
senting the previous data that the fuel requirements 
of the test engines were fixed along the lines of oc- 
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tane requirement with respect to speed that have 
been superimposed on each of the fuel patterns. It wil] 
be noted that these fuel requirement curves for the 
test engines have been labelled “Equivalent Motor- 
Method Road Octane Number-Secondary Reference 
Fuels.”’ This is important, for the fuel requirements 
of the engine vary with the type of reference fye| 
used to define them. The secondary reference fuels, 
A, C, M, F, etc., which have been used for so many 
years were made from selected straightrun-gasoline 
cuts and alkylate. If, however, in place of these ref- 
erence fuels the primary standards, isooctane and 
n-heptane, or blends of diisobutylene and n-heptane 
had been used, the equivalent road octane number 
with respect to speed undoubtedly would have been 
quite different. 

Furthermore, some engines depreciate the rating of 
sensitive fuels like cracked gasolines or diisobuty- 
lene-n-heptane reference fuels while others appreciate 
this type of fuel. Engines of the first type are called 
“severe” ; the latter are called “mild”. Engine severity 
is affected by a number of variables, the most im- 
portant of which are summarized in Table 5. 








TABLE 5 

Engine Severity 

Greatest when 
Engine Variable Variable is 
Speed High 
Mixture Temperature High 
Jacket Temperature High 
Volumetric Efficiency Low 
Mixture Ratio Lean 
Distribution Poor 


It is important that the petroleum technologists 
studying the inherent antiknock characteristics of 
fuels on the road have some means of determining 
the severity of test engines. Now that the industry 1s 
committed to using the primary reference fuels, 1s0- 
octane and n-heptane, in place of the old secondary 
reference fuels which are no longer available, it has 
been suggested that diisobutylene or some similar 
sensitive pure hydrocarbon be added to the list. It 
would then be possible, as suggested by W. G. Lovell 
of General Motors, to evaluate the degree of sevetity 
of the engines by determining the equivalent per- 
centages of isooctane and diisobutylene i in n-heptane 
which will give Borderline knock over the speed 
range. One problem in connection with the sugges- 
tion is that the diisobutylene blends would not be of 
constant sensitivity, and it is readily apparent that 
this factor may be significant. 

It is not the purpose here to enter into a thorough 
discussion of all the factors which influence the fuel- 
engine relation. This would take as much time 4s 
already has been devoted to this presentation. It is 
important only that the petroleum industry recognize 
the fact that fuel performance is inseparable from 
engine performance and test method. 
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FIGURE 10 
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EVALUATING 
“| Cooling Tower Performance 


dar) 
has ° 
il FOR THE PROCESS MAN 
t. It 
wes JAMES G. DeFLON 
— Chief Cooling Tower Development Engineer 
sel The Fluor Corporation, Ltd. 
peed 
eS - processes of cooling water are among the 3.2 percent of its weight (3 plus .2 percent) with each 
chat oldest and simplest known to man. All that is passage through the tower. 
si required to cool water is to expose its surface to air. In cooling towers in which the water is warmer 
ail some of these cooling processes aré slow, such as the than the air, the heat removed from the water and 
tuel- cooling of water on the sucface of a pond; while transferred to the air is the sum of the sensible heat 
e as others are comparatively fast, such as the spraying of and the latent heat of evaporation. The sensible heat 
It is water into air. These processes all involve the ex- q, is small compared to the latent heat transferred, 
nize posure of water surface to air with varying degrees of wr. 
on eiticiency. ; 
The heat transfer process involves a latent heat qt = qs + wr 

transfer due to change of state of a small portion of w = kA4pm 

the water from liquid to vapor and a sensible heat 

transfer due to the difference in temperature of water The factors which influence the performance of a 


and air. Approximately a thousand Btu are required cooling tower are therefore those which affect the 
to evaporate one pound of water, which is the amount expression kA4Sp,. The value of kA depends on the 
of heat lost in cooling 100 pounds of water 10°. There- construction of the equipment, the extent of water 
lore, for each 10° of cooling effected, roughly 1 per- surface exposed through drop surface and filming 
cent of water is lost by evaporation. In addition, there surface, and the velocity of the air. 4p, depends on 
will be a spray loss of not more than 0.2 percent ina the temperature of the water and the temperature and 
well-designed atmospheric or mechanical-draft tower. humidity of the air. Actually 4p, represents the 
Water cooling from 120° to 90°, for example, will lose difference in vapor pressure between the water at its 
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mperature and the water if it were at the wet-bulb 



























General Considerations 



















































































atm: 
temperature of the air. As process refinements have appeared, industry hias hur 
It is evident from the above that the water cannot demanded closer and closer control of its production by t 
be cooled below the wet-bulb temperature of the units, resulting in more exacting demands being the 
entering air. The wet-bulb temperature, or to be more made upon cooling towers. In many plants, each addi- side 
precise, the adiabatic saturation temperature, repre- tional degree of cooling has meant hundreds and even crea 
sents the minimum temperature that the water would thousands of dollars per day in increased production, cold 
reach with infinite time of contact between water and_ It has, therefore, been necessary for the cooling- E 
air in a cooling tower. This must be kept in mind tower industry to produce a tower which would sup- and 
when designing a plant to operate on cooling-tower ply the colder water more economically. cal-« 
water. There are two types of cooling towers in general sect’ 
use today—the atmospheric (Figure 10) and the me- vari 
chanical draft (Figure 2). The older apparatuses for trait 
eons a : cooling water, i.e., the spray pond and natural-draft the 

a I J chimney towers, have been almost exclusively re- spra 

__ ef E placed by these two types of cooling towers. The pum 

ft Wocde onan T | objection to the spray pond is the limited performance tows 

=- oe T AT available and the nuisance created by the high water This 
© TT Niel Yi loss occurring during certain seasons of the year. The used 
‘ 4 | DRIFT ELIMINATORS ™ ‘- 8 § ~ . . : 
\ | | | ff i \ objection to the natural-draft tower is the high initial * the | 
\ BeBe a] pans was cost and the serious reduction in performance experi- (In 
RISER PIPE CONNECTION ‘ PSPRAY DISTRIBUTING SYSTEM y . . . o 

+ J yt ty = enced during periods of hot weather. Both the atmos- repr 
fe ah {leet}—e0 | eaten pheric and the mechanical draft towers are capable heig 

WATER DISTRIBUTING DECK Sy |/ WATER DISTRIBUTING NOZZLES? « . ee 
a of cooling water to the same minimum temperatures. type 
. — us as © en | | The economic situation, the prevailing atmospheric the : 
_ 7 a= 4h t + i: f air. 
ies i i, | —I cont 
| a ANA ¥ | Hi tact: 
on +F yf +¥ 45 | = hh ours — ~ ac . 

i | _K i | — = | —T— aT — a xe: = thus 

tj TITS { | = — 

f ANS ee i wate 
aS OR 40 WAN | I i = ente 
= ia 7 AL —+ IK <1} All : = -Z__ = == flow 

ee ee Ne = Ae : A TI 
x + | : SSar7 | = |= ZA |e gove 
4b + ay A end ben A } SSS — 

; W ZA GA and 

Al®? INTAKE LOUVERS NY if i | Y ib ; % = = = z com) 
— ol Ah Z > aA | 
Ss NS 1} } SEN G Z 5 to W 
NN WHA 4) i} ih 41 = = = cons 
: WT 7 i 
N , q if]. E a( 
. 4 \? i. ty. t ff = . 
Pai ik i a rf) trati 
2 eee Tie EP 1] area 
CONCRETE BASIN ttl varie 
FIGURE 1 ee 
Cross-sectional view of a mechanical-draft cooling tower. With the ‘ air j 
upspray distributing system, it is necessary to allow sufficient space | | | wate 
between the drift eliminators and the nozzles for a spray chamber. HM za the 1 
coals | for 
lil —_ é ° . % ) 
WT Ll —— T TT TTT sax ; beic 
= HHH ii ttt - = TTT |< neig 
HN ANNNNHAHHE es , f = insu: 
= = == = ts : to w 
SS —1 | z\|F/z FIGURE 3 itis 
SSE A cA | > AWE Mechanical-draft cooling tower placed over a coil shed. The tower 's Ing | 
S SS | | Se |Z I> 2 used to cool water which, in turn, is used to cool other water, gases oF 15° | 
= S == z = liquids circulated through the coils installed in the lower part of tower. 35° , 
SNE 7 SEE al ing 
SK = Z conditions, the desired approach to the wet-bulb tem- nt 
Se > = —= c . ~ : o 
~S SS = Z perature, and the amount of space available, will indi the | 
IE Z 2 cate which type to select. 8° te 
S 7S = E ~ ; a tor 
SiS VE = Mechanical Draft Towers adeq 
SS S$ SS |Z —— There are two types of mechanical-draft, towers 4 OF 
CINK XK : 4 use today—the forced-draft and the induced-draft. In whic 
SSRSSKSS N the forced-draft tower, the fan is mounted at its base It ws 
NR and the air is forced in the bottom and discharge with 
————. ae through the top at low velocity. In the induced-dratt er 
_ ee ee tower, the fan is mounted on the roof of the structure Wate 
_ ———— and air is pulled upward and. discharged at a high Fi 
velocity. aa cold. 
The forced-draft type is fast losing favor as 1t § an 
FIGURE 2 more often subjected to the recirculation of the — = 
: ; ys tig stakes thal 
A modern two-cell mechanical-draft cooling tower. Note the square humid exhaust vapors back into the air intak sertail mn 
corners have been removed to facilitate air distribution within structure. the induced-draft type. This occurs under ce 
: A I Apri 
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atmospheric conditions because the velocity of the 
humid exhaust air is so low that the suction created 
by the fans tends to draw it back into the tower. Since 
the wet-bulb temperature of the exhaust air is con- 
siderably above that of the ambient air, there is a de- 
crease in performance evidenced by an increase in 
cold-water temperature. 

Except for the location of the fans, the structural 
and operational features of the two types of mechani- 
cal-draft towers are essentially the same. A cross- 
sectional view of the induced-draft tower with the 
various parts labeled is shown in Figure 1. The en- 
trained moisture is removed from the exhaust air by 
the drift eliminator, which is placed just above the 
spray chamber and below the fan. The water is 
pumped to the main header located in the top of the 
tower where it is distributed to the various nozzles. 
This water is sprayed up in a manner similar to that 
used in“a spray pond, and is intimately mixed with 


‘ the exhaust air before dropping to the docks below. 


(In performance, the upspray distributing system 
represents the equivalent of adding 8 or 9 feet to the 
hight of the cooling tower over that of the gravity- 
type system.) The fall of the water is interrupted by 
the slat-type grids as it flows counter-currently to the 
air. In flowing counter-currently, the coldest water 
contacts the driest air and the warmest water con- 
tacts the most humid air. Maximum performance is 
thus obtained, since the temperature of all of the cold 
water is approaching the wet-bulb temperature of the 
entering dry air. This was not true of the older cross- 
fow and parallel-fiow type cooling towers.° 

The performance of a given type cooling tower is 
governed by the ratio of the weights of air to water 
and the time of contact between water and air. In 
commercial practice, the variation in the ratio of air 
to water is first obtained by keeping the air velocity 
constant at about 850 feet per minute per square foot 
of active tower area, and varying the Water_concen- 
tration (gallons per minute per square foot of tower 
area). As a secondary operation, the—air velocity is 
varied to make the tower accommedate—the-cooling 
requirement. The time of contact between-water and 
aris governed largely by the time required for the 
water to discharge from the nozzles and fall through 
the tower to the basin. The time of contact is, there- 
fore, obtained in a given type of unit by varying the 
height of the tower. Should the time of contact be 
insufficient. no amount of increase in the ratio of- air 
to water will produce the desired cooling. Therefore, 
itis necessary that a certain minimum height of cool- 
ing tower be maintained. Where a wide approach, of 
15° to 20° to the wet-bulb temperature and a 25° to 
» cooling range* is required, a relatively low. cool- 
ing tower will suffice. A tower in which the water 
travels 15 to 20 feet from the distributing system to 
the basin is sufficient. Where a moderate approach of 
8° to 15° and a cooling range of 25° to 35° is required, 
a tower in which the water travels 25 to 30 feet is 
adequate. Where a close approach of 4° to 8°, with 
425° to 35° cooling range is required, a tower in 
which the water travels from 35 to 40 feet is required. 
It usually is not economical to design a cooling tower 
with an approach of less than 4°, but it can be satis- 
lactorily accomplished with a tower in which the 
water travels 35 to 40 feet. 

Figure 4 shows the relationship of the hot-water, 
cold-water and wet-bulb temperatures to the water 
‘oncentration. From this, the minimum area required 


— approach is the difference between the cold-water temperature 
bet the wet-bulb temperature. The cooling range is the difference 
Ween the hot-water temperature and the cold-water temperature. 
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for a given performance of a well-designed counter- 
flow induced-draft cooling tower can be obtained. 
Figure 5 gives the horsepower per square foot of 
tower area required for a given performance. These 
curves do not apply to parallel or cross-flow cooling 
since these processes are not as efficient as the coun- 
terflow process. Also they do not apply where the 
approach to the cold-water temperature is less than 
5°. These charts should be consideréd approximate 
and for preliminary estimates only. Many factors not 
shown in the graphs must be included in the com- 
putation and hence the manufacturer should be con- 
tacted for final design recommendations. 

The cooling performance of any tower containing 
a given depth of filling varies with the water concen- 
tration. It has been found that the maximum contact 
and performance ts obtained with a tower having a 
a ? > 
water concentration of 2 to 3 gallons of water per 
minute per square foot of ground area. Thus, the 
probtenr of catcutating the size of a cooling tower be- 
comes one of determining the proper concentration of 
water required to obtain the desired results. A higher 
tower will be required if the water concentratiorr falls 


below 1.0 gattons per square foot. Should the water 























concentration exceed 3 pattons Pet _aduare_ toot, a 
Tower cooling tower may be used. Once the necessary 
“Water concentrati iS obtained, the tower area can 
‘be calculated by dividing the gallons per minute 
circulated by the water concentration gallons per 
square foot. The required tower size then is a func- 
tion of the following: . 





1. Cooling range (hot-water temperature minus cold-water 
temperature. ) 

2. Approach to wet-bulb temperature (cold-water tempera- 

ture minus wet-bulb temperature). 

. Quantity of water to be cooled. 

. Wet-bulb temperature. 

. Air velocity through the cell. 

Tower height. 


Nuit Ww 


To illustrate the use of the charts let us assume 
that we have the following cooling conditions: 


Hot-water temperature = 102° 
Cold-water temperature — ae 
Wet-bulb temperature (Twb) = 70° 
GPM = 2000 


laving a straight-edge across Figure 4 and connecting 
the points representing the design water- and wet- 
bulb temperatures, we find that a water concentration 
of 2 gallons per square foot is required. Dividing the 
quantity of water circulated by the water concentra- 
tion, we find that the theoretical area of the tower is 
1000 square feet. 

To obtain the theoretical fan horsepower, we use 
Figure 5. Connecting the points representing the 100 
percent of standard tower performance with the turn- 
ing point, we find that it will require .041 horsepower 
per square foot of actual effective tower area. Multi- 
plying by the tower area of 1000 square feet, we find 
that it requires 41.0 fan horsepower to perform the 
necessary cooling. 

Suppose that the commercial tower size is such 
that the actual tower area is 910 square feet. We can 
still obtain the cooling equivalent to 1000 square feet 
of standard tower area by increasing the air velocity 
through the tower. Within reasonable-—limits, the 
shortage of actual area can be compensated for by an 
increase in air velocity through the tower which, in 
turn, requires a higher fan horsepower. Our problem 
then becomes one of increasing the performance of 
the smaller tower by 10 percent. From Figure 5, by 
connecting the points representing 110 percent of 
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NOTE: USE FOR PRELIMINARY ESTIMATES ONLY. DO sy 
NOT EXTRAPOLATE BEYOND LIMITS OF CURVE 








COLD WATER TEMPERATURE, °F 








- 90 
= To find required size of cooling tower, place straight 
° ; a 
nn edge on points representing (1) HOT WATER, (2) COLD 
WATER, and WET BULB TEMPERATURES. Then read L100 
the water concentration. The quantity of water to 
be cooled divided by the water concentration, gives 
effective ground area of the cooling tower required. 
FIGURE 4 
Mechanical-draft cooling tower sizing chart. 
Typ 
aa stanc 
the f; 
< squai 
- 0.025 oe horse 
Or 
we ws + 0.030 . ste i 
90 = the ¢ 
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0, & \> o retic: 
4 Y a — tn 
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0. ¥ & desig 
%4,% o + 0.050 a . 
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| oO 
0.060 a. 
NOTE: USE FOR PRELIMINARY ESTIMATES ONLY 
a 
To find fan horsepower, place straight edge on % design Oo 
tower capacity factor and turning point, then read fan 
horsepower per square foot of tower area at right. Mul- 
tiply tower area by this factor to obtain fan horsepower. 
FIGURE 5 
Mechanical-draft cooling tower chart. 
April, 
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PERFORMANCE CURVE used in the first example, except that the wet-bulb 


temperature is lower. The design conditions then 









DESIGN CONDITIONS would be: 
GPM = 2125 PER CELL Semes = mere 
T,=115°F Approach= 8° 
i 92° 
T,= 85°F T;= 68° 
Wet-bulb temp.-(Twb) = 60° 


Twb = 76°F 
From Figure 4, we find the water concentration 
required to perform the cooling is 1,75, giving a theo- 
retical tower area of 1145 square feet as compared 
with 1000 square feet for a 70° wet-bulb temperature. 
esi oa This shows that the lower the wet-bulb temperature 
oe for the same cooling range and approach, the larger 
the area of the tower required, and therefore the more 
difficult the cooling job. 
; The problem of estimating the performance of an 
sat saa TH existing tower at other than design conditions often 


TEMPERATURE 


COLVD WATER TEMPERATURE, F 


2 
is aeaes is encountered by the plant operator. For example, 
35 suppose we have a tower that was designed for the 
5 following conditions: 
I GPM = 1000 
Range= 30° 
Approach= _ 10° 
see aa H T=. 110° 
tA : Te OF 
Wet-bulb temp.= 70° 


What will the cold water temperature (T,) be 
‘ } when the wet bulb temperature (Twb) drops to 60°, 
Susewee sue: 77 St] ~=séprovided of course, that the heat load and water 
i Het {4 quantity remain constant? From Figure 4, we find 


5 GPM PER CELL | 


tH 212 


tte TH 


+ 
+ 


COLD WATER TEMPERATURE 22} 


FIGURE 6 


Typical performance curve for a mechanical-draft cooling tower. 








standard tower performance and the turning point, 
the fan horsepower is found to be .057 horsepower per 
square foot of actual tower area, or .057 K 910 = 51.9 
horsepower. 

On the other hand, suppose the commercial tower 
size is such that the actual tower is 1110 square feet, 
the cooling equivalent to 1000 square feet of standard 
tower area can be accomplished with less air and less 
lan horsepower. By the use of Figure 5, the theo- 
retical fan horsepower for a tower doing only 90 per- 
cent of standard performance is found to be .031 per 
square foot of actual tower area or 34.5 horsepower. 

This illustrates how sensitive the fan horsepower is 
to small changes in tower area. The importance of 











FIGURE 7 


designing : or which ta oft » eneetne: tee os This cutaway view of an upspray nozzle shows the side entrance which 
gning a tower which is slightly oversize in ground starts the spiral action upward to the discharge orifice. The removable 

















area becomes immediately apparent. screw plate can be drilled as shown for automatic drainage to prevent 
Assume the same cooling range and approach as winter freezing. 
Nozzle Capacity Table 
PRESSURE IN POUNDS PER SQUARE INCH 
Pipe Orifice 5 6 7 8 9 10 12 15 20 25 30 
Nozzle No. Size Size CAPACITY IN U. S. GALLONS PER MINUTE 
a *” eae ae ad 1.0 1.1 1.2 1.3 1.4 1.6 1.8 2.0 2.2 
2.4.. . % *” 1.8 1.9 2.1 2.2 2.3 2.3 2.7 3.0 3.4 3.8 4.2 
Sera *’ 6.5 7.1 7.7 8.2 8.7 9.2 10.1 11.3 13.1 14.6 16.0 
14 , %" 11.5 12.6 13.6 14.5 15.4 16.2 17.7 19.8 22.7 25.3 27.8 
19 acucee a %" 16.8 18.3 19.8 21.1 22.4 23.5 25.8 28.7 32.9 36.5 40.0 
Se 1” 20.0 22.0 23.8 25.3 .26.9 28.3 31.0 34.7 40.0 44.8 49.0 
” 2S 2” 1%" 33.0 36.2 39.0 41.8 ° 44.3 46.7 51.0 57.0 65.8 73.3 80.0 
" Sees 1#” 39.5 43.0 46.5 49.5 52.5 55.0 60.5 67.0 78.0 86.0 94.0 











FIGURE 8 
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that the water concentration is 2.0 gallons per square 
foot at design conditions. This water concentration 
does not change since the volume of water and the 
tower area remain constant. With the water concen- 
tration at 2.0 and the wet-bulb temperature at 60°, by 
adjusting the angle of the straight edge on Figure 4 
until we obtain a 30° differential between the hot- 
water and cold-water temperatures, we find the hot- 
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DISTRIBUTING SYSTEM } 
2 


[ 
ie 





WATER DISTRIBUTING NOZZLES 
a © 











FIGURE 9 


Cross-sectional view of an atmospheric-type cooling tower. The function 
of thé drift eliminators on the side is to separate entrained water from 
the discharging air stream, reducing airborne drift loss to a minimum. 


water temperature to be 103°, and the cold-water tem- 
perature to be 73°. 

Suppose now, that the above designed tower had 
1500 gallons per minute flowing through it, and the 
total heat load remained constant, what would the 
cold-water temperature be when the wet-bulb tem- 
perature is 65°? The design heat load was 


1000 X 8.33 & 30 = 250,000 Btu per minute 


The new cooling range (heat load remaining con- 
stant) when circulating 1500 gallons per minute over 
the tower would be 


250,000 


, —— = 20,0° 
1500 * 8.33 


Theoretically, the design area of the tower from 
Figure 4 was 500 square feet (1000 GPM ~ 2.0 gal. 


per sq. ft.= 500 sq. ft.). The water concentration 
when circulating 1500 GPM is 
1500 


500 = 3.0 gal. per sq. ft. 

Now, referring to Figure 4, with a water concentra- 
tion of 3.0 gallons per square foot and 65° wet-bulb 
temperature, adjust the straight-edge until a differ- 
ence of 20° exists between the hot-water and cold- 
water temperatures. This shows the hot-water tem- 
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peratufe to be 100° and the cold-water temperature 
to be 80°. 

This indicates that the possibility of a lower cold- 
water temperature obtained by the lower existing 
wet-bulb temperature was lost due to the adverse 
effect of the increased water quantity. 

Figure 6 shows the type of performance curve fur- 
nished by the cooling tower manufacturer. This 
shows the variation in performance with change in 
wet-bulb and hot-water temperature, while maintain- 
ing the water quantity constant. 


Cooling Tower Spray Nozzles 

The type of nozzles used in up-spray cooling 
tower distributing systems is shown in Figure 7. The 
accompanying table in Figure 8 gives the perform- 
ance of a particular family of nozzles. In up-spray 
distributing systems, a pressure of 7 pounds per 
square inch is common practice; however, 5 pounds 
is adequate. 

This nozzle is of the non-clogging type. It does not 
depend on small orifices to obtain minimum drop-size 
but, rather, upon centrifugal force. The water is given 
a spiral action by its tangential entrance into the 
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Typical flow diagram for a closed cooling system utilizing the coil-type 
atmospheric cooling tower. 


spiral chamber. The dome-shaped approach to the 
discharge orifice increases this spiral action as it 
approaches the discharge orifice. This whirling action, 
which generates the necessary velocity for fine break- 
up, assures uniform drop-size and efficient water dis- 
tribution over a maximum area. This formation ot 
uniformly small drops assures maximum contact with 
air, resulting in high cooling efficiency. 


Atmospheric Cooling Towers 

A cross-sectional view of a typical atmospheric 
cooling tower is shown in Figure 9. In atmospheric 
towers, the water is pumped to the top of the tower, 
where it is discharged through a distributing system. 
As the water begins its downward flow, it is broken 
up and redistributed by the decks that comprise the 
filling of the tower. This continually creates newly 
exposed cooling surface for the air (passing hort 
zontally through the tower) to encounter. The re 
distribution insures even concentration of water 
throughout the tower during its entire fall. 

Although initial cost for an atmospheric cooling 
tower (designed for a three-mile wind) is about the 
same as that for a mechanical draft tower, there are 
certain important limitations governing its perform- 
ance. It must be located broadside to the prevailing 
wind in an exposed area. Any surrounding structures, 
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ture hills or other barriers would tend to block 











off the wind. 
‘old- penaaninsaesthacl ss. ser secen se Originally, the main objection to atmos- 
ting pheric towers was the excessive spray loss 
oe occurring during periods of high winds. 
, This high loss was caused by the lack of 
rh a method of separating the entrained water 
: his from the air in the conventional louver-type 
“7 tower. Asa result, most manufacturers now 
i have solved this problem by means of 
incorporating drift eliminators into the 
louvers. A typical example of this type of 
tower is shown in Figure 10. 
ling The method of determining the size and 
The performance of an atmospheric type tower 
rm- is shown on the accompanying charts. The 
ray purpose of these charts is to show the 
per method of estimating the approximate size 
inds of an atmospheric type cooling tower to 
meet a given demand. The cooling capacity of 
not any tower, with a given wet-bulb temperature 
—_ and wind velocity, varies with the water con- 
ven centration. Thus, the problem of calculating 
the tower size becomes nothing more than ob- 
taining the correct water concentration for 
FIGURE 12 one of chosen height, which will operate 
Capacity curves for atmospheric-type cooling towers. under a certain wind velocity and wet-bulb 
= END 
-type 
the 
; it 
we FIGURE 13 FIGURE 15 
dic, Wet bulb performance factor. Wind intensity performance factor. 
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temperature. Once this water-concentration factor is 
obtained, the area of a given height tower can be 
calculated easily by dividing the gallons per minute 
circulated by the concentration factor. 

The concentration required to produce desired cool- 
ing depends primarily on the following conditions: 


1. Temperature range (T; — T2) 

2. Approach to wet-bulb temperature (T: — Twb) 
3. Tower height 

4. Wind velocity 

5. Wet-bulb temperature (Twhb). 


It is easily seen that because of the infinite number 
of possible combinations of these values, it is imprac- 
tical if not impossible to have one curve from which 
to obtain the correct concentration factor. Figure 12 
gives the required concentration for cooling water 
through a certain range and with a certain approach 
to the wet-bulb temperature. but this curve assumes a 
wet-bulb temperature of 70° F., tower height of 35 
feet, and a wind velocity of 3 miles per hour. Let us 
assume that the conditions given are unity. Then 
should any of these three values change, the concen- 
tration would have to be corrected for the new condi- 
tions by using one or more of the correction factors 
shown on Figures 13, 14, and 15. 

Let us see how a variance of any of the three afore- 
mentioned conditions would affect the concentration 
of water. 

1. Wind Velocity. The higher the wind velocity the 
greater the amount of air that goes through the 
tower. This results in greater cooling. Therefore, 
when the wind velocity is higher, the concentration 
can be greater and still obtain equal cooling.* 

2. Tower Height. In general, it is found in atmos- 
pheric as well as mechanical-draft towers that the 
greater the cooling range and the closer the approach 
to the wet-bulb temperature, the higher will be the 
tower required to give sufficient time of contact be- 
tween water and air to accomplish the desired cool- 
ing. In atmospheric towers, the performance is 
limited by both maximum and minimum water con- 
centrations. Should the water concentration fall be- 


low 1 gallon per minute per square foot of tow a, 
it witthe necessary to eumploy- ThE next aise. highe; 
tower. is is because in €xtr V Tight water con- 
Teitrations the water will not be uniformly dis- 
tributed and the performance as predicted bv the 
accompanying curves will not be achieved. Should 
mater concentration exceed 3 gallons per‘thimute 
then be necés- 
; xt size Tower tower. The higher 
water concentrations tend to blanket the tower and 
will not allow sufficient air to pass through to accom- 
plish the cooling shown on the curves. 

3. Wet-Bulb Temperature. Theoretically, a cooling 
tower cannot cool water to a temperature lower than 
the prevailing wet-bulb temperature. Being limited 
by this fact, one is more interested in the economic 
approach of the cold-water temperature to said tem- 
perature. Air has a greater capacity for absorbing 
heat at the higher wet-bulb temperatures. At the 
lower wet-bulb, air, in passing through the tower, 
must have a greater temperature rise to accomplish 
the same cooling. Therefore, to obtain the same ap- 



























* In deciding upon a design wind condition, it is well to bear in mind 
that there is a period occurring during the day and night in which the 
prevailing wind shifts. When this occurs, there is a short period when 
there is little or no a'r movement. During such period, the tower-water 
temperatures will rise from 2 to 5 degrees, depending on the duration 
of the calm and the design wind velocity. This should be evaluated in 
determining a design wind velocity. However, one should be aware of 
the fact that many atmospheric towers are designed to successfully 
operate at a zero wind condition. 
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proach at the lower wet-bulb temperatures it is neces- 
sary to reduce the concentration. 

To calculate the size of an atmospheric-type cool- 
ing tower with effective width of 12 feet, the follow- 
ing general formula may be used: 


GPM X W 


= 
C X 12 KX Cw X Ch 





when: 


L = Length of tower in feet. 
GPM = Quantity of water in.gallons per minute. 
W = Wind correction factor. 
C = Concentration of water per square foot of cool- 
ing-tower area. 
Cw = Wet-bulb correction factor. 
Ch = Tower-height correction factor. 
T: = Inlet temperature. 
T: = Outlet temperature. 
(T, — T:) = Temperature range. 
Twb = Wet-bulb temperature. 
(T:— Twb) = Approach to wet-bulb temperature. 


4 


Problem No. 1: Determine the length of a 35-foot-high tower 
required to cool 1500 gallons per minute from 90° F. to 75° F, 
with 70° F. wet-bulb temperature and a 3-mile-per-hour wind. 
From these conditions we know that the approach (T:— 
Tw) =5° F. and the range (T: — T:) = 15° F. From Figure 
12, it is found that these two values require a concentration of 

>= 1.17. The correction factors, Ch, Cw and W will be equal 
to one, as shown on their respectipe correction factor curves, 
because Figure 12 was based upon values equal to those given 
in the problem. Substituting the corresponding values on the 
above formula we find that a tower 107 feet long is required. 

Problem No. 2: Let us take the same conditions that exist in 
Problem No. 1 and see what the effect would be when the 
wind velocity is increased to 5 miles per hour. From Figure 
15, when the wind velocity is 5 miles per hour, W = .80. Sub- 
stituting this value for W in the formula, we find that an 
85.3-feet-long tower is required. 

Problem No. 3: Again assume the same conditions as Prob- 
lem No. 1, except that due to space consideration it is 
necessary to have a 51-foot-high tower. From Figure 14, when 
tower height is 51 feet, Ch= 1.63. Substituting the new Ch 
in the formula we find that a 65'%4-foot-long tower is re- 
quired. 

Problem No. 4: Assume the conditions of this problem are 
identical to those of Problem No. 1, except that water has to 
be cooled from 85° F. to 70° F. and the wet-bulb temperature 
is 65° F. From Figure 13, when the wet-bulb temperature is 
65° F.. Cw=.86. Substituting this factor in the general 
formula we find tower length to be 124 feet. ‘ 

Problem No. 5: Once a tower is installed the problem often 
arises of determining what cold-water temperature one can 
expect under conditions differing from those for which the 
tower was designed. For example, let us take the tower calcu- 
lated for Problem No. 1. This tower is 35 feet high, 12 feet 
wide, and 107 feet long. What cold-water temperature, Ts, 
can be expected when the wet-bulb temperature is 60° F,, 
wind velocity 4 miles per hour, cooling range 15° F., and 
water circulation 2000 gallons per minute? ‘ 

The wet-bulb-temperature correction factor Cw from Fig- 
ure 13 is .71. The wind-velocity correction factor (W) trom 
Figure 15 is .875. By substituting these values in the general 
formula and solving for water concentration, we find: 


_ 2000 « .875 
©= "107 12X.71X1 

Turning to Figure 12, we find that when the cooling range 
is 15° F. and the water concentration is 1.9, the approach to 
the wet-bulb temperature is 9° F. This means that the cold- 
water temperature will be 60° F.+ 9° F. = 69° F. 

The general information given is presented solely for 
the purpose of showing the more important factors that 
affect the design of atmospheric type cooling towers. 
Space does not allow consideration of the effect of 
cessive or insufficient concentration, higher relative 
humidity, change in wind direction, and other finer 
points which must be analyzed for proper cooling-tower 
selection. Therefore, it is to be noted that the cooling- 
tower sizes calculated in the above examples are only 
approximate. This survey, while presenting the essen 
tials, has purposely been kept as non-technical as possible 
in order that it may serve as a guide to the plant operator 
in evaluating cooling-tower performance. 





= 1.92 gal. per sq. ft. 





Petroleum Re finer 


Vol. 26, No. 4 


o% 
te 
ti 


Qo 


Ap 


eces- 































cool- s e ba © 
“| Refrigeration Removes Liqui 
Li In I it 
P 
J. T. SIMON 

‘ower 
a i necessity for adequate dehydration of natural they passed the last drip and would not condense out 
h=— gas is well known in localities where pressure and because the gas had not reached the minimum ground 
igure temperature conditions are conducive to the forma- temperature. A properly designed scrubber, or drip, 
oh tion of hydrates in natural-gas-transmission lines. placed at a point on the pipe line where the gas had 
ren Another problem, prevalent in some transmission reached the lowest ground temperature, would have 
riven lines, is the accumulation of hydrocarbon liquids at removed these liquids from the line. This drip appar- 
1 the points of low line elevation, and the resulting decrease ently would have to be located several miles from the 
a in line capacity accompanied by high operating pres- field, and several intermedate drips would be required 
the sures. This liquid accumulation can be eliminated by to catch the liquid which condensed progressively as 
gure several methods; each has its advantages and disad-_ the flowing gas temperature approached ground tem- 
Sub- vantages, and the particular method used must be perature. One drip, or scrubber, was not sufficient, as 
is the one that is best adapted to specific local condi- the liquid which accumulated ahead of this drip 
rob- tions. caused an excessive pressure drop. Draining of these 
t is Much difficulty was experienced in operating an drips would require almost the full time of one man 
rhen 8-inch transmission line, approximately 17 miles long, and a truck. The man-hours required, as well as the 
4 from the Powder Wash field, northwestern Colorado, danger of fire, eliminated this method of solving the 
operated by Mountain Fuel Supply Company. Hy- problem. Construction of a conventional gasoline 
are drate formation caused some trouble, but hydrocar- plant for the processing of the gas from the field be- 
S to bon-liquid accumulation in the pipe line required fore entering the transmission line was not feasible 
ve periodic shutting-in of the field, in order to allow the from the standpoint of gas reserves and relatively low 
eral liquid to flow by gravity to the lower points in the’ gasoline content of the gas. 

line where it was manually removed. Installation of Inasmuch as dehydration facilities were required to 
iten more drips at low points on the line would have’ eliminate hydrates in the transmission line it was 
om caught much of the fluid. However, some of the decided to install refrigeration equipment also to 
lcu- hydrocarbons were still in the gaseous state when - chill the gas to a temperature below the minimum 
feet 
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ground temperature. Chilling would condense the 
liquid hydrocarbons for removal from the gas before 
entering the main line. Gas compression equipment 
and electrical generators also installed in this plant 
do not come within the scope of this report and are 
not discussed. 

The plant is designed to operate at a maximum 
pressure of 750 psig., and to handle 15,000,000 cubic 
feet of gas per day. With an inlet-gas temperature of 
65° F., the plant will give a water dew point depres- 
sion of more than 60° F., and will cool this volume of 
gas to 20° F. for the purpose of condensing the hydro- 
carbon liquids. 


Gas Dehydration Cycle 


The gas dehydration portion of this plant is of the 
typical liquid type, using diethylene glycol as the 
absorbing medium. One feature not found in regular 
dehydration plants of this type is the installation of 
two contactors in series. Such an installation insures 
that a minumum dew point is maintained at all times 
before the gas is subjected to.cooling, so as to elim- 
inate the danger of freezing in the gas chiller. 

Wet gas enters the No. 1 contactor at the base, 
flows counter-current to the diethylene glycol, and 
discharges at the top of the contactor as dry gas. The 
gas then flows through a gas-to-gas shell and tube 
exchanger, and into the base of the No. 2 contactor. 
The two contactors are each 36-inch outside diameter 
by 24-foot, with a 13/16-inch shell and head thickness. 
Both have scrubber sections in the base and top; and 
any free liquid accumulating in the base is removed 
by steam traps. Warm gas from the No. 1 contactor 
is exchanged against the cold gas leaving the plant 
through the exchanger. Gas leaves the No. 2 con- 
tactor at an average temperature of 40° F. and a dew 
point of minus 10° F. The gas then enters a shell- 
and-tube chiller where the gas temperature is further 
reduced to 20° F., and additional liquid hydrocarbons 
condense. The cold gas and liquid hydracarbons then 
pass to a 30-inch by 8-foot by 11/16-inch shell gas 
scrubber, where the liquid is separated and removed 
from the gas stream to storage by means of a pilot- 
operated liquid-level controller. Gas leaves the top 
of the scrubber, and after passing through the gas-to- 
gas heat exchanger and refrigerant condenser, enters 
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Freon compressor at right, compressor 
engine left, and steam boiler for de- 
hydration at left. 


the pipe line with a low dew point, completely de- 
nuded of any liquid hydrocarbons that would con- 
dense out because of a low ground temperature. 

Dry glycol is pumped onto the top bubble-cap tray 
in each absorber by a 1%-inch by 2-inch horizontal 
triplex pump driven by a 3-horsepower explosion-proof 
motor, with a V-belt drive. Identical circulation rates 
to each contactor are controlled by manually-operated 
throttling valves and direct reading rate-of-flow 
meters. The dry glycol, flowing counter-current to the 
wet gas, absorbs the moisture from the gas and the 
wet glycol collects on the chimney tray from which 
it leaves the contactor. The wet glycol leaves the No. 
1 contactor at 60° F. and the No. 2 contactor at 39° F. 
The two streams are mixed and enter the glycol ex- 
changer where the cold, wet glycol is exchanged 
against the hot, dry glycol from the still. After this 
heat exchange, the wet glycol enters the glycol still 
at 247° F. The glycol still is 18-inch OD by 30-foot 
by %-inch shell, with 15 bubble-cap trays, and oper- 
ates at approximately 7 psig. A temperature of 320° 
F. is maintained at the base of the glycol still by 
means of a rebdiler operating on steam from a 10- 
horsepower vertical boiler, which operates at 145 
psig. A temperature controller maintains a constant 
temperature in the base of the still by controlling the 
fire in the boiler. Water vapor stripped from the wet 
glycol passes out of the top of the still and is dis- 
charged to the atmosphere through a pilot-operated 
back-pressure valve. Dry glycol leaves the base of the 
still at 295° F. and is exchanged against the wet gly- 
col; it leaves the exchanger at 88° F. and enters the 
suction of the glycol circulating pump. 


Gas Refrigeration Cycle 

The refrigerating medium used in this plant ts 
dichlorodifluoromethane (CCL,F,), more commonly 
known as Freon 12. This refrigerant was chosen 
rather than ammonia, as it is non-toxic, and non-in- 
flammable; thus, it was possible to locate the retiger- 
ant compressor in the same building with the dehy- 
dration plant boiler. 

The Freon compressor, rated at 381,700 Btu per 
hour at 660 rpm, has four cylinders, each having a © 
inch core and 5-inch stroke. The compressor is belt- 
driven by a 6-cylinder gas engine, which develops 160 
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brake-horsepower at 1400 rpm (sea-level rating). The 
hot gas from the compressor passes through a shell- 
and-tube refrigerant condenser, where the Freon gas 
is condensed by the cold natural gas leaving the plant. 
The liquid Freon flows into the top of the refrigerant 
surge tank, which serves as a storage tank for the 
Freon. From the base of this vessel the liquid flows 
through a small dehydrator, which removes any 
slight amount of moisture from the piping that might 
remain after initial evacuation of the system. Liquid 
Freon flows from the dehydrator through the refrig- 
erant exchanger where the temperature drops by an 
exchange with cold Freon gas. The liquid Freon then 
flows into the base of the refrigerant flash tank 
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pass directly to the gas chiller and maintain the speci- 
fied temperature. 

The boiler, glycol still and reboiler, glycol ex- 
changer, and steam lines are insulated with mag- 
nesium pipe covering and blocks. The No. 2 con- 
tactor, gas chiller, gas scrubber, refrigerant flash 
tank, and connecting lines are insulated with 14-inch 


cork and canvas. 
Buildings 


Because of extreme weather conditions in the 
Rocky Mountain area, it is necessary to house most 
of the equipment in a plant of this type. All equip- 
ment, except the gas exchanger and refrigerant con- 
denser for the dehydration and refrigeration cycles, 










































































Flow diagram, Mountain Fuel Supply Company's refrigeration unit for gas dehydration. 


through a throttling valve actuated by a liquid-level 
controller in the flash tank. The refrigerant flash tank 
is 24-inch outside diameter by 6-feet by %4-inch shell, 
with a scrubber section in the top. The base of this 
vessel is directly connected to the base of the shell- 
and-tube gas chiller so that the controller maintains 
the same liquid level in each vessel. Natural gas flow- 
ing through the tubes of the chiller is cooled by the 
€vaporation of the liquid Freon in the shell. Freon 
gas from the top of the chiller is combined with the 
Freon gas in the upper portion of the flash tank. After 
flowing through the scrubber section, the gas leaves 
the top of the flash tank at 9° F., passes through the 
refrigerant exchanger and thence to the suction of 
the Freon compressor. 


Control System 


The natural gas leaving the chiller is maintained 
at a constant temperature by a temperature-record 
controller, which actuates a special packless-type 
motor valve. Should the natural gas when leaving the 
chiller drop below 20° F., this valve opens and allows 

ot Freon gas from the compressor discharge to by- 
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is housed in two buildings. Most of the equipment is 
located in the process building which is of steel-frame 
construction 24 feet by 36 feet by 12 feet, with cor- 
rugated iron roof and sides, lined with 28 gauge flat 
galvanized iron over %4-inch Celotex. The refrigerant 
compressor and steam boiler, together with the elec- 
tric generators and jacket-water pumps for the nat- 
ural-gas compressors are located in the auxiliary 
building. The size and construction of the auxiliary 
building are the same as the process building. These 
buildings are so constructed that the auxiliary build- 
ing is kept warm by heat given off by the boiler and 
gas engines, and adequate heating of the process 
building is assured by leaving the insulation off one 
bank of the glycol exchangers. 

The plant has eliminated the formation of hydrates 
and condensation of liquid hydrocarbons in the main 
transmission line from the field in which the plant is 
located. 

The author is indebted to W. T. Nightingale, vice 
president of Mountain Fuel Supply Company, for 
permission to publish this paper. 
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|= IS quite well known that acetaldehyde, acetone, 
methanol and formaldehyde can be obtained directly 
from natural gas. By other and as well known 
methods the higher alcohols, aldehydes and ketones 
also can be obtained from natural gas or some of its 
lower-molecular-weight components. If an attempt 
should be made to present, in any real degree, the 
total number of possibilities of chemicals from gas or 
its components, the magnitude of the endeavor would 
be tremendous. If this effort should be further com- 
plicated by elaboration on or differentiation between 
methods for the manufacture of these chemicals, the 
final result would be more confusing than informative. 

We have taken, therefore, as the basis for our dis- 
cussion some of the existing possibilities in the pro- 
duction of secondary products from a few of the bet- 
ter known primary or direct products of natural-gas 
processing. Too little space and effort have been 
directed toward consideration of the tremendous 
possibilities of aldehyde, ketone and alcohol uses. 

Acetaldehyde is reacted in the operation labeled 
3A to give aldol, which can be reacted in second 
operations labeled 1B, 2B, etc., to give other classes 
of compounds. The flow is continued until a series of 
four operations are shown here. In addition to the 
operations listed, product purification must be con- 
sidered. 
3A. Aldoling of aldehydes 

K 


R—CH2—CH—O —— R—CH2—CH—CH—CH=0 
OH 





Starting Material Aldol Obtained B.P. 





Acetaldehyde Acetaldol 83 





20 mm 


OH 


CH3s+CH—CH2—CH=0 


Butyraldol High 


OH CHe—CHs 


Butyraldehyde 


CHs—CH 2z—CH 2—CH—CH—CHO 


This reaction will go for any aldehyde having an 
alpha hydrogen. 

The aldols are very useful chemical intermediates. 
They can'be used as a source of glycols, conjugated 
unsaturated aldehydes and ketones and beta hydroxy 
acids. 

The aldols are formed in good yields. The aldols of 
aldehydes are sometimes difficult to separate from 
their corresponding aldehyde due to a cyclic acetal 
formation. 

The formation of acetaldol from acetaldehyde is 
carried out in a slightly alkaline medium below room 
temperature. The medium is the reaction product, 
which is circulated through a reaction tank and a 
refrigeration exchanger to remove the heat of reac- 
tion. Acetaldehyde and small amounts of water and 
caustic are added to the recycle, and reaction product 
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is withdrawn at the corresponding rate and acidified 
to stop the reaction. 

The reaction rate is controlled by the temperature 
and alkalinity and is such that the reaction time is 
long enough that the reaction can be controlled. If 
the reaction is allowed to proceed too far, higher 
aldols than acetaldol are formed. Only about 60 per- 
cent of the acetaldehyde reacts to form acetaldol; the 
remainder forms a hemiacetal with acetaldol. The 
acetaldehyde in the hemiacetal cannot be removed 
from the reaction product by ordinary distillation, 
since the acetaldol dehydrates to crotonaldehyde 
under the influence of heat. By subjecting the mixture 
to vacuum at room temperature for an extended 
period the acetaldehyde can be stripped out, absorbed 
in water and recovered by distillation. 

Acetals are formed from alcohols and aldehydes 
by heating in the presence of mineral acids and sepa- 
rating the acetal by fractionation after neutralizing 
the acid. 

















2A. 
R—CH=0O + 2ROH acid R—O—CH—O—R +H20 
R 
R 
R—CH=0 + RCH—CH—CH2 R—CH—CH CH2+H20 
OH R OH 6—¢—@ 
R 
Starting Material Product B.P. °C. 
Acetaldehyde and ethanol Diethyl! acetal 103 


H3sC—CH <(OC2Hs)2 









Acetaldehyde and 2,4 dimethyl, 1,3 dioxan 150 est 


1,3 butylene glycol 





H 2 CH—CHs 
HeC O 

CH 

CHs 








Acetaldehyde and 4,5 diethyl, 2 methyl! 220 est 


2 ethyl, 1,3 hexandiol 1,3 dioxan 


O 
Hae CH—CHs 
H sC—H 2C—C O 
H CH 
CH2—CH2—CH3 





Butyraldehyde and Dibuty! butryal 200 


butanol 
H sC—CH2—CH <(OC4H¢9)2 





Butyraldehyde and 2 ethyl, 2,5 diethyl, 4 butyl 240 est. 
1,3 dioxan 
Oo 


A 
H2C CH—CH2—CH2—CHs 


1,3 hexandiol 


| | 
H3sC—H2C—HC oO 
\ 4 
CH 
| 
CHe—CH2—CHs3 
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Waen this paper was presented before the South Texas Sec- 
| tion of the American Institute of Chemical Engineers, Port Arthur, 
December 7, 1944, the author was director of research for 
Celanese Corporation of America. Since then he has resigned to 
engage in consulting work with headquarters in Corpus Christi. 
For several months it was under consideration for use in 
Chemical Engineering Progress. Decision to release the informa- 
tion through petroleum publications came in March and Petroleum 
Refiner took immediate advantage of the opportunity. 





Diethyl acetal is formed by the reaction of acetalde- 
hyde with ethyl alcohol in the preserice of a trace of 
acid. The unreacted acetaldehyde and alcohol, after 
neutralizing the acid, are recovered by fractionation 
and recycled. 

The acetals are liquids with ether-like properties, 
fairly stable to alkaline hydrolysis but unstable to 
acids. They can be used generally as solvents. The 
cvelic acetals, dioxolanes and dioxanes, have been 
used to prepare resins. The cyclic acetals are fairly 
stable and have solvent properties similar to dioxane. 

The acetals are prepared easily and in good yields. 

In a number of instances, products made from the 
starting materials in one or more operations could be 
reacted with the original reactants in a new series of 
operations. For instance, 1,3 butylene glycol, made 
through operations 3A and 2B, could be condensed 
with acetaldehyde by operation 2A to give 1,3 butyl- 
ene glycol acetal. 


CH3 


In such instances the number of operations required 
would be determined by studying the flow sheet. 

The list of products is by no means complete, but it 
serves to illustrate the nature of the products ob- 
tained. Many other similar compounds not listed can 
be prepared, also, if desired. 


6A. Tischenko condensation of aldehydes to esters 


Oo 


2R—CH=O A1l1(OCH2R)3_. R—CH2—O—C—R 











Aldehyde Used Product B.P. 
Acetaldehyde Ethyl! acetate 77 


O 


C2Hs0—C—CHs 





Buty! butyrate 166 
Oo 


Butyraldehyde 


C4He—O—C=C 3H7 





Acetaldol 3 hydroxy butyl 
2 hydroxy butyrate 
OH O OH 


H sC—C—C—C—O—C c—C- CH3 
H He He H2H 





This reaction is a general one for aldehydes but 
a not been commonly applied to manufacturing 
Processes probably because of the difficulty in pre- 
Paring catalysts. 

_ The reaction of two molecules of acetaldehyde to 
lorm ethyl acetate takes place in the liquid phase be- 
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low room temperature in the presence of aluminum 
ethylate. Aluminum ethylate solution in ethyl acetate 
is prepared batchwise in a steel vessel equipped with a 
stirrer, reflux condenser and heating coils. A mixture 
of aluminum borings, aluminum chloride and ethyl 
acetate is heated to the boiling point, at which point 
the addition of absolute ethyl alcohol is started. Addi- 
tion of the alcohol is continued over a period of 8-10 
hours and reflux continued for 24 hours. The alumi- 
num reacts completely to aluminum ethylate. 

Equal weights of catalyst solution and anhydrous 
acetaldehyde are: charged continuously to a brine- 
cooled reactor. The overflow from the first reactor 
goes to a second reactor maintained at a slightly 
higher temperature to complete the reaction. Since 
the catalyst is not recoverable, the reaction product is 
treated in an evaporator with enough water to hy- 
drolyze it to aluminum hydroxide and ethanol. The 
evaporator separates the liquids from the aluminum 
hydroxide. ‘ 

The purification system consists of four columns, 
the first of which fractionates off the unreacted 


‘ acetaldehyde. The second column fractionates off the 


ternary ethanol-ethyl acetate-water azeotrope which 
is sent back to the evaporator where the water reacts 
with the unused catalyst. In the third column the 
overhead product is the binary azeotrope, ethanol- 
ethyl acetate, which is used for catalyst preparation. 
Finished ethyl acetate is the overhead product of the 
last column. ; 

Mixtures of mixed esters also can be prepared by 
using a mixture of aldehydes as the reacting mate- 
rials. For example, by condensing acetaldehyde and 
butyraldehyde together a mixture of esters would be 
formed containing ethyl acetate, butyl acetate, ethyl 
butyrate and butyl butyrate. 


8A. Aldehyde condensations catalyzed by acids 


3RCH=0 acid 





a 
R oO R 
CH CH 
0 6 
r H 
Aldehyde Condensed Product 4 B.P. 
Acetaldehyde Paraldehyde 124° 


o* 
CHs—CH CH—CHs 








oO Oa 
CH 
CHs 
Butyraldehyde 2,4,6 tripropy! 1,3,5 trioxan 100° 
6 35 mm 
CsH7—CH CH—Cs3H7 
Oo 0 
CH 
C3H7 
Acetaldehyde Metaldahyde Dec. 
100° 


CHs CHs 

bH—o—cu- my) 

O—CH—O—CH 
CHs CHs 





In acid media the simpler aldehydes are known to 
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go to their corresponding trimers in good yields. 
Acetaldehyde also will form a tetramer at low tem- 
peratures. 

The compounds are unstable to acid or alkali and 
regenerate the aldehyde. For this reason they are 
often a good source of the anhydrous aldehyde and 
are easy to handle because of their lower volatility 
and stability. Trioxane is particularly useful as an 
anhydrous source of formaldehyde, because pure 
formaldehyde cannot be handled as a stable liquid. 

Acetaldehyde is converted to paraldehyde by a 
trace of acid. The unreacted acetaldehyde can be frac- 
tionated off after neutralizing the acid. 


9A. Oxidation of aldehydes 


oO 
R—CH—O +0: — — R—C—O—OH (no catalyst) 
oO 
R—CH—O + 40: —~ R—C—OH (catalyst) 
Aldehyde Oxidized Product B.P. 
Butyraldehyde Butyric acid 163° 


oO 


CHs—CH2—CH2—COH 


Crotonaldehyde Maleic anhydride 202° 
H oO 
Cc ( 
) 
¢ 
H 
0 
Crotonaldehyde Crotonic acid ; 185° 
oO 


CHs—CH—CH—C—OH 
B hydroxy butyric acid dec. 


OH oO 


\cetaldol 


CH3—CH—CH 2—C—OH 


Peracids made in the non-catalytic oxidation are 
difficult to separate from the aldehyde. They have 
been shown to be intermediates in the formation of 
the acids, and they must be handled very carefully to 
avoid explosions. 

The unsaturated aldehydes have been oxidized to 
the corresponding acids, but the yields, in general, 
are not as good. Their conjugated double bonds 
make them useful intermediates for many chemical 
syntheses. 

The aldols might also be oxidized under certain 
conditions to 3-hydroxy acids. 

Maleic anhydride can be made in good yields by the 
vapor-phase oxidation of crotonaldehyde. 

Acetaldehyde, as a dilute solution in acetic acid, is 
oxidized to acetic acid by air in the presence of a 
catalyst. Temperature control is obtained by recy- 
cling a large portion of the reaction product through 
water-cooled exchangers. The reactor product is fed 
into a column where unreacted acetaldehyde, water 
and low-boiling impurities are distilled overhead. The 
residue from this column then is fractionated to sepa- 
rate the pure product from catalyst and high boilers. 
The acetaldehyde vapor in the air from the reaction is 
removed by absorption in water. Acetaldehyde then 
is stripped from the aqueous solution in the usual 
manner. 
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1B. Dehydration of aldols 








"t 
R—CH2—CH—CH—CH=0 ———> R—CH 2—_CH—C—CH=0 +H:0 
Starting Material Product B.P. 
Acetaldol Crotonaldehyde 102° 
CH3s—CH=>CH—CH=0 
Butyraldol 2 ethy! 3 propy! acrolein 180° 
est. 
CH2—CH: 


CH3—CH 2—CH 2—CH=C—CH=0 





The aldols dehydrate easily and in good yields to 
give unsaturated aldehydes. The unsaturated alde- 
hydes are useful intermediates and may be made to 
polymerize with peroxide catalysts. Since they can be 
made so easily, work on their polymerization may be 
worth investigation. 

Acetaldol readily dehydrates to crotonaldehyde un- 
der the influence of heat in the presence of traces of 
iodine. Acetaldol containing a trace of iodine is fed 
into a column where acetaldehyde is distilled off. The 
residue goes to a second column where the croton- 
aldehyde-water azeotrope comes overhead and in- 
organic salts out the base. The azeotrope contains 80 
percent by weight of crotonaldehyde. 


2B. Hydrogenation of aldols 





OH R 
R—CH 2—CH—C—CH =0 
Starting Material Products B.P. 
Acetaldol 1,3 butylene glycol 207° 











Butyraldol 


2 ethyl, 1,3 hydroxy hexane 270° 


est. 


The aldols hydrogenate in good yields to glycols. 
The products are useful for making plasticizers, 
resins, explosives, solvents and as chemical inter- 
mediates. 

Acetaldol is hydrogenated to 1,3 butylene glycol 
at 800 psi and temperatures ranging from 120° to 
230° F. in the presence of nickel catalyst. The re- 
action is carried out continuously in a series of tall, 
small diameter reactors by passing acetaldol with 
catalyst in suspension cocurrently with a. large ex- 
cess of hydrogen. After cooling the product from the 
last reactor the excess hydrogen is separated and 
recycled to provide the agitation necessary to keep the 
catalyst suspended. 

Each reactor is provided with a jacket through 
which mixtures of steam and water are passed to 
maintain the temperature of each reactor slightly 
higher than that of the preceding reactor. The tem- 
perature in the first reactor must be kept low because 
the high acetaldol concentration favors crotonization. 
A higher temperature is necessary in the last reactor 
to complete the hydrogenation. 

Most of the catalyst fed to the reactors is that 
recovered from the hydrogenated product by settling 
and filtration. The make-up catalyst is freshly pre 
pared by treating powdered nickel-aluminum alloy 
with caustic soda and then washing with water. 

The hydrogenated product contains, in addition to 
1,3 butylene glycol, ethanol from hydrogenation 0 
acetaldehyde in the acetaldol feed and butyl alcohol 
from crotonization and hydrogenation of acetaldol. 
The purification system consists of an ethanol col- 
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umn, butanol column and two glycol columns. The 
ethanol is fractionated from the hydrogenated prod- 
uct in the ethanol column. Butanol and water are then 
fractionated from the mixture in the butanol column. 
The residue from the butanol column is then dis- 


pure ethyl acetate. The bottom which is dilute ethanol 
is separated in a second fractionation. 


1C. Hydrogenation of substituted acroleins 

















tilled in the glycol columns under vacuum, leaving as R i, 
aresidue the higher boiling compounds formed as a H2 + R—CH2—CH=C—CHO ———> R—CH2—CHs—CH—CHO 
+ oe . . : SAS aci 
result of side reactions in the aldoling process. e . 
| 
, 5 2H2 + R—CH 2CH=C—CHO ——— R—CH2—CH2—CH—CH 20H 
4B. Esterification neutral 
Oo Starting Material Product B.P. °C. 
O 
R—OH + R—C—OH R—O d_R + H20 Crotonaldehyde Butyraldehyde 75.7 
Alcohol Acid CHs—CH 2—CH z2—CHO 
1,3 butylene glycol acetic. acid | Crotonaldehyde 1 butanol 117.7 
2 ethyl, 1,3 hexane diol utyric act 2 =. a, 
Seana” hexane Gio erotonic acid CH3s—CH 2—CH 2—CH2—OH 
ethanol 2 ethyl 3 propyl acrylic acid { 
maleic acid ‘ : 2 ethyl, 3 propyl 2 ethylhexanol 183.5 &, 
tetra hydro phthalic acid acrolein oh 
a CH s—CH 2—CH 2—CH 2—CH—CH 2—OH Ei 
CH at 
; 2 4 
Ethyl acetate is produced by the reaction of acetic py 
- - 4 


acid with ethanol in the presence of sulfuric acid 
which catalyzes the reaction. The reaction mixture is 
led into a fractionating column from which the tern- 
ary azeotrope of ethanol-water-ethyl acetate comes 
werhead. This distillate is diluted with water which 
tauses two layers to separate, the top being nearly 
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By control of pH this reaction can be made to yield 
either the alcohol or the aldehyde. The products listed 
could be reused in a number of the reactions already 
listed. Butanol, for instance, could be used as a source 
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of higher alcohols which have such uses as flotation 
agents, anti-foaming agents and plasticizers. 


1D. Diels Alder condensation 








CHa CH=O0 R CHe CH=O 
’ Y a \ rm 
R—CH CH C XH 
| + aa | 
CH CH CH CH 
“ r : a 
CHe Re CH Re 
Ri Ri 
Starting Material Product B.P. °C. 
1,3 butadiene and 1,2,3,6 tetrahydro 79(10) 


crotonaldehyde 1 methyl! benzaldehyde 





1,3 butadiene and 1,2,3,6 tetrahydro 
crotonic acid 2 methylbenzoicacid 
He 
4 0 
H¢ CH—C—OH 


He CH—CHs 








1,3 butadiene and maleic A 3 tetra hydro phthalic 


anhydride anhydride 


He H oO 
( — ( ( 
H—< Oo 
( C ( 
hi ( H V0 
hie 











1,2,3,6 tetrahydro, 2 methyl! 





2 ethyl, 1,3 hexadiene and 
crotonic acid 3,5 diethyl! benzoic acid 
He 
Cc oO 
H sC—H 2C— CH—C—OH 


' 


Hi CH—CHs 





This reaction is a general one and proceeds with 
the unsaturated acids, vinyl ketones and substituted 
acroleins as well. It involves the combination of two 
compounds, both having conjugated unsaturation, to 
give a singly unsaturated ring compound. 

Products having a wide range of physical and chem- 
ical properties can be made. ‘The products are cyclic 
aldehydes, acids and ketones and could be used over 
in a number of the earlier described operations. 

Butadiene can be made to react with crotonalde- 
hyde by passing a mixture of the tWo through a re- 
actor at about 100° C. About 30 per cent of the react- 
ants are converted to 5-methyl — 4* — tetrahydro- 
benzaldehyde. The unreacted butadiene is condensed 
from the vapor phase by cooling and is then recycled. 
The unreacted crotonaldehyde is distilled from the 
product and recycled. 
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2C. Dehydration of 1,3 glycols 


OH R R 
R—CH2—CH—CH—CH—OH ——> R—CH2—CH=C—CH=CH, 


Starting Material Product B.P. 








Butadiene 1° 
CH 2e=CH—CH=CH 2 


1,3 butylene glycol 





2 ethyl, 1,3 hydroxy 2 ethyl, 1,3 hexadiene 100° 


hexane est. 
CHe—CH3 


CHs—CH2—CH=CH—C=CH 2 





The formation of butadiene by the dehydration of 
1,3 butylene glycol has been studied extensively. 
Other 1,3 glycols may be dehydrated in a similar 
manner. The dienes are used in the Diels Alder syn- 
thesis of cyclic compounds. Dienes form useful poly- 
mers and are useful chemical intermediates because of 
the ease with which they add with compounds having 
an active hydrogen. 

One, three butylene glycol is dehydrated to 1,3 
butadiene in the vapor phase at atmospheric pressure 
and about 500° F. in the presence of catalysts. The 
reaction absorbs heat. Glycol and recycled butadiene 
are fed into a gas-fired furnace where the glycol is 
vaporized and the butadiene and glycol vapors super- 
heated to the reaction temperature. The reactors are 
fin-tube exchangers in which the heat absorbed by 
the reaction is furnished by hot inert gas passing 
through the fin tubes. Catalyst is deposited on the 
fins. 

By so conducting the reaction, the temperature 
drop is minimized. This is desirable since the highest 
vield is obtained within a small temperature range. 
Too low a temperature causes a low reaction rate 
while the upper temperature is limited by the poly- 
merization of butadiene to oil. 

The vapors from the reaction are cooled to room 
temperature, which causes the unreacted glycol, bu- 
tenol, water and oil to condense. Most of the buta- 
diene is recycled to the reactor for purposes of 
dilution: The butadiene product finally is washed 
with water to remove traces of aldehydes and then 
liquified by compression, The butadiene then is frac- 
tionated at 100 psig from higher-boiling impurities 
always present in very small amounts. 

The products condensed from the reaction vapors 
are fed into a vacuum column where oil, water and 
butenol are fractionated from the unreacted glycol, 
which then is fractionated under vaccum from high- 
boiling material. The mixture of oil, water and bu- 
tenol is washed with water in a disc-and-ring extrac- 
tor to recover the butenol from the oil. Butenol is 
fractionated from the aqueous solution and returned 
to the reactor since it is an intermediate product of 
the overall reaction. 

All of the materials used in the illustrations above 
are produced from hydrocarbon gases. Flow sheets 
could be prepared showing the reactions of the same 
chemicals with’ketones, acetylene, hydrogen cyanide, 
ammonia and other reactive chemicals. A very wide 
variety of compounds could be prepared by using 
these additional materials. 

The relatively short history of commercial organic 
synthesis has not induced prolific exploration into the 
multitude of product possibilities. Commercial en- 
couragement is lacking in many instances, since the 
present basis for organic chemical development 
usually depends on the industrial demand. Demand 
hardly ever reaches real significance until the prod- 
ucts enter the low-cost market. 
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Small Gasoline Plant Utilizes Waste 






Gas for Economic Operation 


CHARLES A. SCHWARTZ, Consulting Engineer 


/ RECENT years the 
trend in the natural- 
gasoline industry has 
heen toward the building 
of larger plants, result- 
ing in increased neglect 
of smaller fields. This 
trend started during a 
period of unstable and 
sometimes disastrous 
prices for natural gaso- 
ine, coupled with low 
demand and unstable 
prices for butane and 
propane. The war period 
with the material short- 
ages, government con- 
trols, etc., accelerated ° 
the trend toward the 
larger plant. The same 
period saw development 
of larger cycling opera- 
tions, and the revision of 
existing plants for high- 
er extraction efficiencies 
and multiple fractionat- 
ing processes. The labor os 
and material situation of 
the postwar period has 
retarded development of 
practically all but the 
larger pre jects. 
_With the postwar conditions of increased demand 
tor LPG products, increased demand for natural gas, 
increased recognition of the value of repressuring, 
and the steady pressure of gas-conservation groups, 
the need and possibility of building small plants that 
will show a reasonable economic return is growing. 
Such a plant was built for Caska Corporation of 
Houston, in the center of the Quitman oil field, Wood 
Lounty, Texas. The separator gas processed in the 
plant is from wells producing in the Paluxy zone. The 
wells are drilled on 40-acre spacing, in the field which 
is about 4 miles long and a mile wide. The crude oil 
has a gravity of from 41° to 45° API with a low (180) 
gas-oil ratio, 


Design Considerations 


The small plant described herein is of interest, not 
only for the economic return, but as one of the posi- 
lve answers to gas conservation. At the time the 
plant was built there was no assurance of expansion. 
Vith a conservative estimated life of the field of 10 
years, and with no increase in the production, it was 
‘stimated the plant would show a reasonable payout 
and return on the investment. Originally, the plant 
Was designed for a maximum of 1,250,000 cubic feet 
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General view of Caska Corporation's gasoline plant at Quitman, Texas. Towers, left to right, are the utility 
still, main still, reabsorber, depropanizer, main absorber and stabilizer. Compressor building in foreground. 


of gas per day with a relative high absorption pres- 
sure, due to the small amount of gas to be handled 
and the higher extraction efficiencies obtained with a 
low oil rate. The higher absorption pressures permit 
greater flexibility on changes and operation on any 
future expansion program. All towers, line sizes, and 
most of the related equipment were made oversize, 
and are capable of handling approximately five times 
the expected nominal load. 

Development of deeper production in the Quitman 
field and the gathering of additional gas from a num- 
ber of small fields in a 10-mile radius presents oppor- 
tunity for expansion of the present plant. 


Fabrication of Vessels 


All towers in the plant were either reworked, or 
fabricated completely on the job from used equip- 
ment. The depropanizer originally was 95 feet in 
height and was cut to 64 feet. The stabilizer was cut 
from 85 feet to 54 feet. The two sections from these 
towers and parts of three other towers were used in 
fabricating the high-pressure absorber. The still was 
made from two vessels of the same diameter and 
working pressure. The reabsorber, fat-oil vent tank, 
dehydrator, and several accumulators were made 
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from 23-inch diameter pipe. The 11.5 diameter by 42 
feet butane-storage tank and 12 feet diameter by 38 
feet gasoline-storage tank were fabricated on the job. 
Reworking and field fabrication of vessels not only 
lowered the original cost, but in addition permitted 
construction of larger capacity vessels at no extra 
cost. The critical material shortage and uncertain de- 
livery schedules of shop fabricated vessels in certain 
instances dictated procedure. Flexibility in design 
permitted certain deviations from the original plan. 
These deviations for the most part were dictated by 
the availability of materials at the time of construc- 
tion. 
Gas Flow 

The plant normally carries 5 inches Hg vacuum on 
the suction header and compresses the gas in two 
stages to 250 psig. The gas flows through the high- 
stage condenser accumulator to the high-pressure ab- 














Reflux and product pumps. Instrument panel in background. 


sorber. Dry gas from the absorber flows through a 
dry-gas scrubber to the plant fuel, instrument-gas 
dehydrator, and field residue systems. 


Compressors 

One of the interesting features of the plant is the 
use of steam-driven compressors. There are three 
horizontal twin gas compressors, handling an average 
of 1,100,000 cubic feet daily of 1.15 specific gravity 
gas. The compressor sizes are: 12 x 16— 16x16 and 
12x16—8x16; 10x14—14x14 and 10x14—7x 
14, and 8x 12 —10%x12 and 8x 12— 5Y xl. 

The advantages of steam compressors in this appli- 
cation are as follows: (1) Availability and low initial 
investment at the time of purchase. (These units 
were purchased as used equipment.) (2) Simplicity 
and flexibility of operation. As was expected in this 
small field, there are wide fluctuations in the gas load, 
suction pressures ranging from 10 inches Hg vacuum 
to 4 inches psig. The flexibility of the steam com- 
pressors permits them to carry this variable load 
without an appreciable change in speed. (3) Compact- 
ness of plant layout, due to elimination of the fire 
hazard inherent with internal-combustion com- 
pressors. 

Obviously, there are certain disadvantages in the 
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use of steam for the application. (1) Additional fue] 
is required per compressor horsepower, and (2) addi- 
tional boiler capacity is required. A high shrinkage of 
volume in the gas treated due to products extracted, 
results in a fuel shortage on weekends and end of the 
month periods, due to present oil flowing schedules, 
Under normal operations, however, there is an excess 
of residue gas. 


o 
Residue Gas 

The fuel shortage and overage condition was elimi- 
nated recently by processing wet distillate. gas. This 
gas was supplied as fuel for nearby drilling rigs. Dis- 
tillate gas supply into the plant is controlled auto- 
matically, so that during the plant fuel-shortage 
period, more distillate gas is processed than is re- 
turned to the fuel line supplying the drilling opera- 
tions. During periods when the plant has an excess of 
residue gas, it is supplied to the fuel line. Then, the 
wet distillate gas supply is reduced correspondingly. 
A control system regulates the incoming gas so that 
the plant no longer flares dry gas. All distillate gas is 
absorbed at line pressure. The volume of distillate gas 
processed averages about 700,000 cubic feet daily of 
approximately 0.8 gpm total liquid content. 

The high-pressure absorber lean-oil pump dis- 
charges over the 250-pound absorber at the rate of 
25 gpm. Fat oil from the absorber is flashed at 65 psig 


‘~ 


oti a 


Steam compressors provide flexibility necessary with varying flow of gas. 


pressure. Flashed vapors, together with the uncon- 
densed vapors from the gasoline rundown tank are 
reabsorbed at 65 psig in the reabsorber, which has a 
lean oil rate of 15 gpm. The flashed absorber fat oil 
with the reabsorber fat oil is pumped through the oil 
exchanger to the oil preheater, and then to the oil 
still, which operates at 100 psig. Stripped hot oil flows 
from the base of the oil still to the oil exchangers to 
the lean-oil coolers and to the lean-oil surge tank. 
The two lean-oil pumps and fat-oil pumps have 4 
common spare. 

Condensed products from the high-stage accumu- 
lator at 250 psi is flashed to 100 psi, and the flashed 
stream commingled with the total overhead make ol 
the oil still, downstream from the condensers. ‘These 
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combined streams feed into the gasoline raw-make 
tank. Uncondensed vapors from this tank at 100 psi 
flow to the reabsorber at 65 psi. The raw-make pump 
discharges through the stabilizer base and the de- 
propanizer-feed exchanger into the depropanizer at 
250 psig. 

The depropanizer rejects propane and lighter as a 
vapor-discard top product, which is used as boiler 
fuel. Base product of the depropanizer is charged 
directly to the stabilizer, where a butane and propane 
mixture is taken overhead. Casinghead gasoline, as a 
base product from the reboiler flows through the 
stabilizer and depropanizer feed exchanger, to the 
gasoline after cooler, and then to the storage tanks. 
The stabilizer operates at 150 psi and produces a 
16-26-pound-RVP base product and a 64-100-pound 
butane-propane mixture top product, depending on 
winter or summer sales demand. The still reflux, de- 
propanizer feed, depropanizer reflux, and stabilizer 
reflux pumps have a common spare pump. 

The utility still is used to clean the absorber oil 
and to cut light ends from the inlet scrubber drip and 
the liquid condensate from the low-stage accumu- 
lator. 

Cooling System 


The cooling water is circulated through the con- 
densers, coolers, and compressors cylinders by a 40- 
horsepower steam-turbine-driven centrifugal pump, 
having a maximum capacity of 1400 gpm at 95 feet 
discharge head. It takes suction from the base of the 
eight-bay tower and discharges over the top. There 
are two pumps installed, one operating and one spare. 

Raw water is supplied by a 550-foot well jetted by 
compressed air, which is delivered by a horizontal 
twin steam-driven compressor, 7x8—6%x8 and 
7x8—6Y%x8 single-stage unit. The well kicks off 
at 70 psi and flows at 60-psi pressure. The air com- 
pressor is spared by a 12 x 12 x 11 vertical locomotive- 
type double-acting steam-driven compressor. Water 
is pumped from the well discharge pond by a 5-horse- 
power, single-phase, 220-volt motor-driven centrifu- 
gal pump into a 500-barrel water surge tank. The 
spill from this tank is used as cooling-tower-make-up 
water. This tank is located on top of a hill and the 
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water flows by gravity to the plant, office, and to the 
boiler-feed-water aerating heater tank. The pond- 
water centrifugal pump is spared Dy a gasoline. 
engine-driven reciprocating pump, in case of power 
failure. Electric power is purchased. 


Steam System 

Steam requirements are supplied by five 250-pound 
working pressure, 125-horsepower locomotive-type 
fire-tube boilers with four boilers operating and one 
spare. Steam is supplied at 200 psi and with full auto- 
matic control of the boilers. The feed-water heater 
receives condensed steam. from the various reboilers 
and preheaters and the necessary amount of raw- 
water make up, for boiler requirements. The raw 
water is controlled by a liquid-level controller on the 
tank, and is deaerated and heated by the boiler-feed- 
pump exhaust. The boiler-feed pump and spare are 
controlled by a differential control valve, which main- 
tains a 50-pound differential of feedwater pressure 
over boiler pressure. Each boiler has a liquid-level 
controller. The feed-water-control valves’ diaphragm 
pressure is also transmitted to a snap-acting, manual 
re-set, emergency shut-off valve in the fuel line of 
each boiler. This shut-off valve is set to trip when the 
water level drops to the lower quarter of the gauge 
glass. The boilers also are equipped with high-level 
and low-level water alarms. Fuel-gas pressure is re- 
duced in two stages with the boiler fuel-header pres- 
sure automatically controlled by the steam-header 
pressure, with a 10-pound limit control pressure, as 
a protection against over firing when starting up. The 
firing ratio of each boiler is manually set by a globe 
valve in the fuel line to each boiler. An emergency 
fuel-shut-off valve is also in each fuel line between 
the globe valve and the burners. 

Products are shipped by truck inasmuch as the 
plant is located 10 miles from a railroad. The products 
are pressured into the- trucks and kick-out vapors are 
piped back to the plant gas suction header. The do- 
mestic butane product is odorized when loaded. 

The plant is operated with a total of 12 men. The 
superintendent has an assistant in charge of field 
work, assistant in charge of plant operation, four 
operators, four boiler fire- 
men, and one man for day 
work, 

The plant is on a 20-acre 
tract with a low hill in the 
center. The boilers, com- 
pressor building, process- 
ing area, cooling towers, 
storage tanks and _truck- 
loading docks are located 
in a semicircle around the 
base and side of the hill. 
Each of the above operat- 
ing areas are generously 
spaced to present the least 
danger from fire or explo- 
sion. The office and ware- 
house building and water 
surge tank are located at 
the top of the hill. All oper- 
ating areas can be viewed 
from the office building. 


Plant steam is generated in six 
oil-field-type boilers. 
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Fire Protection in Natural 
Gasoline Plants 


C. L. HIGHTOWER, Safety Director, United Gas Pipe Line Company 


. E modern natural gasoline plant represents a 
sizeable investment in process equipment, and be- 
cause of the high pressures and temperatures at 
which process units are operated and the inflammable 
nature of the products handled, fire prevention and 
fire protection are highly important and should be 
given first consideration in the plant operating pro- 
gram. 

Three elements are essential to fire. These are: 
fuel, oxygen and heat. When all three are present in 
the right proportions a fire and/or explosion will re- 
sult. If any one is removed a fire or explosion can- 
not occur. All fire inspections should be made with 
the thought constantly in mind of keeping these ele- 
ments separated, or removing one of the three when 
they are found in combination at the same point. 

Hand fire appliances provide the greatest saving 
of property and life of all fire-protection equipment. 
Fifty to 90 percent of all the fires occurring in indus- 
try are extinguished with hand fire appliances with- 
out the necessity of calling the fire department. 

The three major methods of extinguishing fire are 
cooling, smothering, and separation of flame from the 
fuel. By cooling, the generation of flammable vapors 
is stopped; by smothering, the oxygen supply which 
is necessary for combustion is cut off; and by sepa- 
rating the flame from the fuel, success is attained if 
no other source of reignition is present. 

Fires are divided into three classes according to 
their fuel and the method necessary for extinguish- 
ing. All extinguishers approved by the Underwriters 
Laboratories are marked for the class or classes of 
fre they will extinguish. 


Classes of Fires 


Class “A” fires are fires that have materials such 
as wood, paper, textile, rubber, excelsior, rubbish, 
etc, as their fuel. These fires are extinguished by 
cooling with liquids or with extinguishers which use 
large percentages of water. Loaded-stream (instant) 
and foam-type extinguishers are recommended for 
Class “A.” 

Class “B” fires are fires in flammable liquids, 
greases, etc., such as gas, gasoline and oil. These 
ires are put out by blanketing or smothering to 
exclude the oxygen. Carbon-dioxide, foam and dry 
chemical-type extinguishers are recommended for 
Class “B.” : 

Class “C” fires are fires in live electrical equipment. 
These fires require an extinguishing agent which 
does not conduct electricity in order to protect the 


operator against the danger of, electrical shock. Car- 
bon-dioxide type extinguishers are recommended for 
Class “C.” 

Proper Equipment 


There is a place for most all types of extinguishers 
around the gasoline plant. Some units of the larger 
plants are sometimes equipped with enclosed auto- 
matic systems. Vapor-pump rooms, compressor build- 
ings and storage and process vessels are examples 
of units that lend themselves to the enclosed auto- 
matic type of protection. The wheeled engine and 
the portable hand extinguisher are the most gen- 
erally used, however. Even in larger plants where 
enclosed systems are practicable for use at given 
units, the portable extinguisher must still be relied 
upon for fighting certain types of fires and for emer- 
gency use at scattered and isolated units. 

Some mention should be made of the use of water 
as a fire fighting agent. In some industries, notably 
the electrical, extensive use has been made of water- 
fog as an extinguishing agent. The specially designed 
water-fog nozzle sprays a fine mist of fog which 
serves to displace the oxygen in the atmosphere and 
the fire dies out because oxygen is not sufficient to 
support combustion. The water also has the effect of 
cooling hot metal or any wood embers that might 
be present. 

The primary advantage of the water fire system 
in the gasoline plant is to provide water in sufficient 
quantity and pressure to cool off vessels and prevent 
boil-overs and the spread of the fire area. A solid 
stream of water directed on a burning gasoline spill 
or into a burning vessel of gasoline or other petro- 
leum products will only tend to scatter the fire. 

Maintenance of extinguishers cannot be stressed 
too greatly. There is a tendency to assume that be- 
cause an extinguisher has nothing to do until a fire 
occurs, it does not require attention. Inasmuch as 
chemicals, pressure, mechanical parts and other fea- 
tures having a bearing on proper operation are all 
subject to the ravages of time, tampering or neglect, 
it is obvious that frequent maintenance is very im- 
portant to proper performance. 

Having an extinguisher that will perform as in- 
tended, another important item is its effective appli- 


cation. Regardless of its availability, condition, or . 


potential effectiveness, all may be lost by improper 
application. Furthermore, additional hazards may be 
created, including danger to the operator. 
(Succeeding pages give some important pointers on use 
and maintenance of fire equipment for plant protection.) 
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SODA ACID 
and FOAM 


Use Soda Acid Type on Class “A” Fires (wood, rubbish, cloth, paper, etc.) (gasoline, oils 


Use and Maintenance of Fire Extinguishers 


grease, etc.). Foam covers the fire with a blanket effect and 


only. The soda-acid type employs wetting and cooling to extinguish fire. smothers by shutting off supply of oxygen. 
Foam Type is effective on Class “A” Fires and also on Class “B” Fires 





1. Grasp hose close to nozzle be- 2. Holding hose, grasp ring cap 3. Carry extinguisher by ring 4. Discharge by inverting extinguisher, 
tween thumb and index -finger of hile left hand grasps bottom. . Lift cap in upright position to fire. holding by bottom handle. Hold noz- 


right hond. xtinguisher from bracket. Keep firm grip on nozzle. zle firmly. Keep safe distance from 
fire. If outdoors, approach from wind- 
ward, 





5. Attack the base of the flame and work upward. On Class “B’ Fires (oil, gasoline, grease, etc.) direct 
Walk around fire, carrying extinguisher by bottom foam against inside wall of container, just above burning 
handle. surface. Avoid agitation by allowing foam to drop lightly 


on surface. Walk around fire. If fire is on floor or wall, 
stand back and allow discharge to fall lightly, preventing 
spread of flames. On Class ‘‘A” fires (wood, rubbish, cloth, 
etc.) discharge foam at base of flame and work upward. 





6. Clean and recharge immedi- 7. Inspect every six months. Check 8. Post information, date and sign tag 
ately after use. Discharge and hose and nozzle for obstructions, check on extinguisher. Replace tag when lost 
recharge annually. screen, acid bottle and stopple, cap or damaged. 


gasket, and relief hole or holes. 


Seda-acid extinguishers are not suitable for Class “’B’ Fires (oii) and should never be used 
on Class “C” (electrical equipment) as the liquid is a conductor of electricity. Protect from 
freezing caps. . 

Foam extinguishers should not be used on Class “‘C” Fires, as they will conduct electricity. 
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Protect from freezing. 
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Use on Class “B” Fires (gas, oil flammable liquids and other petroleum 
products) and Class “C” Fires (electrical equipment). 





1. Remove from rack and carry by 
hondle in upright position. 


2. To operate, set cylinder on ground, 
remove horn and hold grip firmly with 
one hand. Pull pin and open valve with 
other hand. Small units may be held 
in one hand and operated with other. 


‘Use and Maintenance of CARBON DIOXIDE (Liquid) Fire Extinguishers 


Recommended for use at the following locations: Trucks, boats, loading - 
racks, compressor stations and pipe line repair equipment. 





3. For fires on flat surfaces, direct discharge at nearest 


edge of fire and, 


using sweeping side-to-side motion, 


extinguish nearest section first, then follow up fire. To 
conserve gas, close valve temporarily when moving around 
fire. Continue discharge after fire is out to avoidreflash. 


4. For fires in small containers of flammable liquids, ap- 
proach as closely as possible from windward side, and 
rest discharge horn on edge of container. Direct gas on 
burning surface at base of flame. Avoid blowing fluid 
from container. CAUTION: Maximum discharge range 
eight feet. 


This extinguisher must be returned to the manufacturer for recharge. Keep 


nearest recharge station address posted 


Record necessary information on tag and sign after each inspection. 


Replace tag when lost or damaged. 


on inspection tag. 


Annual recharging is not necessary 





5. For electrical fires, aim discharge at base of burning Inspect and weigh extinguisher 
insulation. CAUTION: Maximum discharge range eight feet. every three months, Recharge in 


weight loss is 10 percent or more 
below weight stamped on extin- 
guisher. Check horn and hose for 
obstructions, Check wire seals 
and replace when broken or in- 
dication of tampering is appar- 
ent. Recharge after each use. 


as the contents do not deteriorate. 


CAUTION: This type extinguisher should not be used on Class “A” Fires 


(wood, trash, etc.) as they have glow 
liquids are best extinguishing agents 


ing embers. Water or other approved 
or Class “A” fires. 
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OPERATION 

Keep extinguisher in upright posi- 
tion, Break wire seal holding lock 
pin and remove pin. Open valve to 
the left (left-hand threads). Point 
nozzle at base of flames, press noz- 
zle release and sweep powder along 
base of flame. Pressure cartridge 
must be replaced after each use of 
extinguisher or accidental breakage 
of gas seal on cylinder. At least one 
extra pressure cartridge should be 
available at all times. 


agents for Class “A” Fires. 


This type extinguisher should not be used on Class “A” Fires as they leave 
glowing embers. Water or other approved liquids are the best extinguishing 


Use and Maintenance of DRY CHEMICAL Type Fire Extinguishers 









































MAINTENANCE 


Inspect every three months. 
Remove and —— pressure cart- 
ridge. If weight loss is more than 
one ounce, replace with new cart- 
ridge. Weight of pressure cylinder is 
stam on hexagon nut. 

Check hose for tructions, and see 
that powder is dry and flows freely 
from hose. . 
Check Bae level in extinguisher 
and when necessary. Replace 
caked or jumpy powder. 

Replace wire seal on locking pin 
when found broken and after each 
use of extinguisher. Record necessary 
information on after each in- 
spection and sign. Replace tag when 
destroyed or damaged. Annual charg- 
ing is not necessary as the con- 
tents do not deteriorate. 
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~ Application of Automatic Controls to 
~ Gasoline Plant and Refinery Processing 


E. H. REYNOLDS, WILLIAM TROUTMAN and GORDON LAWN 
Richfield Oil Corporation 


Aisin YMATIC controls have been applied to gaso- 
line plant and refinery processes with resultant im- 
proved products, and at lower cost. If a theoretical 
process could be set up in which all the factors af- 
fecting the process, such as feed composition, heat- 
ing and cooling media, rate of heat transfer, etc., re- 
mained absolutely unvarying, the process could be 
established and would thereafter continue without 
change. Need for application-of-automattc controls, 
therefore, arisés as a means of preventing variations 
of the factors affecting operation, or to compensate 
for their acttal variation through-control of suitable 
variables of thé process. Thus, if variations in steam- 
line pressure supplying a fractionation-column kettle 
were upsetting operation, automatic control could be 
applied to control the-steam pressure, or possibly to 
control the kettle temperature, and thus compensate 
for the variations in pressure. 

Usually it is not possible to set up a control which 
can directly measure and control the product_re- 
quired, so the controls aré set up to measure and con- 
trol temperature, pressure, rate of flow, and_liquid 
level, Chosen in Such a marmner that their control will 
result in’ Satisfactory operation with resultant pro- 
duction of the réquired product. For example, in con- 
trolling the operation of a deisobutanizer, it_is not 
generally possible to analyze the products automati- 
cally with great-speed and thus apply the automatic 
control based on this-measurement. Instead, a suit- 
able temperature in the column may be chosen which, 
at a givén pressure, gives good indication of the prod- 
uct being produced, and the control applied to this 
température. Control can be applied to any suitable 
variable of a process which can be readily and rapidly 
measured, and which would aid in the overall control 
of the process; such as specific gravity, pH, color, 
etc., as well as the more generally used temperature, 
pressure, rate of flow, and liquid level. 


Three Problems 

Successful application of automatic controls in- 
volves the solution of problems. The first of these is 
rapid and accurate measurement of the variables of 
the process to bé Controlled. Successful control is 
impossible without dependable measurement. The 
Second problem is~rapid and prétiS€ application of 
corrective measures so as to maintaifi the controlled 
variable at the desired point with minimum deviation. 
The third-problem is the selection of suitable vari- 
ables_of the process. Solution of the first two prob- 
lems is coftainedtargely in the control instrument. 

There are two general systems of control in indus- 
trial service: electrical_and_pneumatic. Pneumatic 
control is more modern and presents several advan- 
tages. Its initial-eost_is low, it-is flexible, servicing~is 
\ not coniplicated, and it presents no fire hazard. For 
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| N ADDITION to theoretical considerations of automatic process | 
control this paper presents actual aceomplishments in operating | 
units of both natural-gasoline plants and refinery-fuel-gas 
systems. 

The paper was presented at the February, 1947, meeting of | 
California Natural Gasoline Association, but was not ready for | 
publication until April 1, 1947. 


this latter reason, probably more than any other, it 
appeals particularly to the petroleum industry, and 
is in such common use in this field that the terms 
“control,” “controller,” etc., appearing in this paper 
will be considered to apply to the pneumatic system 
only. 

In choosing an instrument for a control job, it is 
necessary to consider its characteristics first as a 
measuring device, and second as a controller. The 
subject of measuring devices is too broad to be 
covered adequately in this paper. No attempt will be 
made to do more than note the more common types 
along with some of their outstanding characteristics 
and limitations. 

Measuring devices can be noted as follows: 


Temperature 


Pyrometers—include millivoltmeters and potentiom- 
eters. Both have as a primary element a thermocouple 
made of two dissimilar metals welded together at one 
end. The most common metal combinations in use as 
thermocouples in the refinery are iron-constantan 
with a normal range of O-1500° F. and chromel- 
alumel whose normal range is 0-1800° F. 

A high degree of accuracy is obtainable with 
potentiometers. It is possible to have them check 
within +0.1 percent of total range. They make very 
satisfactory controllers. This is especially true of the 
continuous balance type, since temperature changes 
are recorded without delay. 

Thermometers—Bulb-capillary type thermometers are 
widely used as they are generally less expensive than 
pyrometers. They are commonly classified as follows: 

Class I—L iquid filled, other than mercury. Work 
on principle of volumetric expansion. E venly gradu- 
ated chart. Temperature limit 400° F. 

Class II—Vapor tension. A change in temperature 
causes a change in the vapor pressure of liquid filling 
medium. Unevenly graduated chart. Temperature 
limit 600° F. 

Class I1I—Gas filled. Volumetric expansion of gas. 


‘Evenly divided chart. Temperature limit 800° F. 


Class IV —Mercury filled. Volumetric expansion of 
mercury. Evenly divided chart. Temperature limit 
1200° F. 

Ambient temperature changes along the capillaries 
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of these systems cause errors, except in Class II, 
where they are minimized. Compensators are neces- 
sary to overcome this effect, especially where long 
capillaries are used. This type thermometer should 
not be used as a controller when capillaries are over 
00 feet in length, since lag is too great. 


Pressure 

Pressure measuring devices are distinguished by 
the type of primary element employed—Bourdon 
tube, spiral, helix, and metallic bellows. Usually the 
Bourdon tube is used for high pressures, the spiral or 
helix for intermediate pressures, and the metallic 
bellows for low pressures. Location of pressure taps 
should be given some thought, remembering that the 
primary element will measure any static head present 
in addition to vessel pressure. 

Flow 

The differential type flowmeter with an _ orifice 
plate for a primary element-is_the standard means of 
fow measurement in the petroleum industry. There 
are two general classes in use, the mercury manom- 
eter; and the sylphonic bellows. The former is the 
Ider and by far the more common type. 

The differential flowmeter is readily adaptable to 
control purposes. 

Liquid Levels 

Liquid levels fall into two general classes, float 
type and differential type. The first includes the 
recently developed displacement-type liquid level. 
The differential type is an adaptation of the familiar 
differential flowmeter. 

It is common practice to let the level of the liquid 
swing between certain limits rather than holding it 
toa fixed point. This permits the addition or with- 
drawal of liquid from the vessel at a more gradually 
changing rate and may cause less upset in the process. 

In the study of a control problem, consideration 
must be given to the type of control element best 
fitted for the particular job. There are available: 

(1) The On-Off Controller in which the control 
valve is either wide-open or closed, depending on the 
position of the variable with respect to the control 
point. It has some application in batch processes. 

(2) The Narrow Band-Proportional- Controller in 
which the control valve moves with the pen as it 
deviates from the control point, but at such a rate 
that a pen movement of from 1 to 10 percent of the 
hart range, depending on the throttling range set- 
ting, will move the valve from a closed to a wide- 
open position or vice versa. This control is useful in 
processes having very small time lag. It is designed 
to check the process deviation, but_will not bring it 
back to the Control point. 

(3) The Wite-Preportional Band Controller is the 


jy same as the Narrow Band Controller, except that it 


allows a choice of throttling ranges of from 1 to 150 
percent. 

(4) The Proportional Controller with Automatic 
Reset in which the addition of automatic reset to the 
Wide Band Proportional Controller makes it an ele- 
ment that will not come to balance until it has 
thanged the air to the control valve sufficiently to 
ing the variable back to the control point. It is 
adjustable so as to set the rate at which the process 
variable will be returned to normal setting. 

In many operations, control is improved by the in- 
tlusion of a valve positioner. This is true whenever 
‘onditions arise whereby the control valve does not 
tadily respond to small changes in air pressure. 

ey function by continuing to increase or decrease 
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air pressure on the valve diaphragm until the valve 
assumes the position required by the primary control. 


Lag 


Consideration must be given to the ability of the 
measuring element of any controller to quickly detect’ 
a variation in the controlled medium-and-te-aetuate 





‘a@ mechanicat device to correct this variation without 


undue loss of time; otherwise lag is introduced into 
the process. Lag is a term used to indicate the 
time interval between a process change and the re- 
positioning of the final control element as a result. 
This can be broken down into (1) process lag, and 
(2) measurement-control lag. Lag is the principal 
bugbear of good control. and its“éfféct must be mini- 
mized wherever possible. 

In order to fully appreciate the number of sources 
of lag in a control system, let us consider a bulb type 
temperature controller. A change of temperature out- 
side the thermometer bulb is transmitted through the 
bulb wall and into the filling medium. This increases 
the pressure in the bulb, this pressure travels through 
the capillary to the spiral, moving the spiral. The 
spiral works through the control mechanism sending 
out a néw air pressure through the connecting tubing 
to the control valve. The control valve changes the 
quantity of-controlling medium. These steps follow 
in sequence, and although they overlap to some 
extent, there is, of necessity, an unavoidable time-lag. 
This inherent lag is not the same for all types of 
measuring devices, nor is it the same for various 
makes of pneumatic Systems. Consideration should be 
given to this when planning the control of a critical 
process. 

At any of the numerous steps between the variable 
change and the final control element, sufficient lag 
may develop to greatly impair the usefulness of a 
controller. Causes of lag in a temperature-controller 
might be: 

The bulb or thermocouple is poorly located in the 
equipment. 

The well is too heavy, or of poor thermal trans- 
mission qualities, or dirty. 

There is an air space between the bulb and well. 

The bulb is not fully immersed. 

The capillary is too long. 

There is loss of sensitivity in the measuring ele- 
ment. 

There is lost motion or friction in controller ele- 
ments. 

The penumatic pilot has low capacity. 

There are air leaks in pneumatic system. 

Control valve action is sluggish. 

Recently a study was made of the lag character- 
istics of copper tubing to determine the relative effect 
of tubing sizes and lengths. The test covered \%-, 
5/16- and 3-inch tubing in lengths of 50 to 300 feet 
by 50-foot increments. To simulate operating condi- 
tions, a control valve with pressure gauge was at- 
tached to one end of the tubing. The controllers were 
set to deliver 15%4-pound air, and a cock was intro- 
duced between the controller and tubing. The time 
interval between opening the cock and the showing 
of 15 pounds at the control valve was clocked. Four 
standard controllers were used. One of the controllers 
developed less lag in the 5/16-inch tubing than in the 
\%4-inch, being 10 percent faster for 50 feet and 5 per- 
cent faster for 300 feet, it was slower when tested 
with 34-inch tubing. The other three controllers made 
their fastest delivery through %-inch tubing for all 
lengths tested. No two controllers delivered air at the 
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same rate, and they held their relative positions 
throughout the tests, the one being fastest for any 
length of any diameter tubing was fastest for all 
lengths and all diameters. The relative delivery rate 
of the fastest and slowest controllers was about 6:1. 


Flow Control 
With the control instruments that we have to work 
with in mind, let us now turn to the problem of 
selecting the variables to be controlled, and go to 



























tower is controlled must take into consideration the 
particular type of operation desired. If the tempera- 
ture at the bottom of the tower were controlled, varia- 
tions in the heavy material in the feed stock would 
affect this temperature without necessarily reflecting 
a change in the overhead product. If the top tempera- 
ture of the tower were controlled, the varying pro- 
pane content would have an appreciable effect on this 
temperature, and so the n-butane content would vary 
inversely. By selecting an intermediate point, it js 
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FIGURE 1 
Deisobutanizer 


Figure 1. This process is the operation of a deiso- 
butanizer column. Feed to this column has approxi- 
mately the following composition : 

Propane—1 to 2 percent, 

[sobutane—6 to 10 percent, 

_ N-butane and heavier—88 to 93 percent. 

The operation desired is production of an overhead 
containing a minimum.of n-butane, while very low 
loss, say of not over 0.1 percent of isobutane is per- 
mitted in the bottoms. 

The factors affecting the process that must be con- 
trolled or compensated for, are: 

Feed composition and rate. 
Cooling-water temperature and pressure. 
Steam temperature and pressure. 

Tower heat loss. 

The flow controller on the feed controls the feed 
rate directly, since variation would throw an addi- 
tional load on all ensuing controls. 

The flow controller. on the steam to the reboiler 
is used to minimize fluctuations of heat input due to 
variations of steam pressure. A pressure controller 
on the reboiler steam pressure might be preferable to 
the flow controller used, but the flow controller was 
on hand and was used since variations in heat input 
are compensated for by other controls. 

The liquid level control on the reboiler condensate 
is used to release condensate from the reboiler at 
whatever rate formed. 

Temperature control is used to control the tem- 
perature on one of several points in the tower, since 
at constant pressure this will maintain the products 
close to that desired, despite normal variations in 
feed composition, heat input, and tower-heat loss. 
Location of the point at which the temperature in the 


possible to minimize the effect of variations of pro- 
pane in the overhead and still have a point which will 
vary with changing n-butane content of the overhead. 
The actual point used is the 53rd tray from the bot- 
tom in a 70-tray tower. This temperature is controlled 
through varying the reflux to the tower, since reflux 
enters at a point near enough to that of temperature 
measurement that a reasonable time-lag will result. 

The pressure-control tap should be as close as pos- 
sible to the point at which the temperature is con- 
trolled, since a given temperature controls the prod- 
uct produced only at a given pressure. The pressure 
control operates by controlling the cooling water 
through the overhead condenser, thus varying the 
condensing rate on the overhead. In order to com- 
pensate for variations in cooling-water pressure with- 
out first requiring a change of pressure in the tower, a 
flow controller is used in the overhead-condenser- 
water system. The tower pressure controller resets 
the control index of this flow controller. This is neces- 
sary in the particular application because of other 
equipment taking off of the same cooling-water sys- 
tem, and in cutting between isobutane and n-butane 
with a difference in boiling point of 19°, very close 
temperature and pressure control are required to 
maintain product composition. 


Liquid Level 


Liquid-level control on the overhead controls the 
overhead make and thus adjusts for the varying ratio 
between overhead and bottoms due to feed-stock- 
composition change. The liquid-level control on the 
reboiler serves the same purpose, but it might be 
noted that this is a differential type controller having 
proportional control with automatic reset, and is use 
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because it is desired to maintain the bottoms flow at 
as constant a rate as possible and still keep the level 
within limits. This is necessary on account of the 
bottoms heat exchange with the feed stock so that 
the temperature of the feed to the tower will remain 


4s constant as possible. 
——S -. 














changes in steam pressure to the reboiler. The flow 
controller on the overhead product sets the split: 
between overhead and bottoms. The liquid-level con- 
trol on the overhead accumulator compensates for 
any changes in heat input or cooling by varying the 
reflux rate to hold this level. The liquid-level control 
on the bottoms controls the bot- 
toms make as available, while 
maintaining a liquid level in the 
reboiler. 
Refinery Fuel Gases 

Figure 3 represents application 
of automatic controls to the prob- 
lem of maintaining the pressure 
in the refinery-fuel-gas system by 








burning the excess gas under the 
boilers. In the refinery there are 
many processes consuming fuel 
gas and many processes releasing 

















gas into the fuel system. Due to 
variations in operation, the bal- 
ance on fuel gas in the refinery is 
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Figure 2 represents application of automatic con- 
trol to a deisopentanizer tower. Feed to this column 
is of approximately the following composition : 

N-butane—0 to 1 percent. 

Isopentane—45 to 49 percent. 

N-pentane—50 to 54 percent. 
It is desired to produce an overhead containing as 
much of the isopentane as possible with not over 7 
percent n-pentane. 

It should be noted that both the overhead and bot- 
toms products desired are nearly pure products, 
hence have little change of boiling point with the 
amount boiled off. It is not practical to control this 
operation by the use of a sufficiently sensitive tem- 
perature and pressure control at a mid-point within 
the column as was illustrated in Figure 1, due to the 
very small difference in boiling points (approxi- 
mately 9°) between the isopentane and n-pentane. 
The temperature at the point of measurement would 
have to be held to within a fraction of 1°. Instead, 
advantage is taken of the fact that the feed composi- 
tion changes slowly and the tower is set up to make 
a given split between overhead and bottoms, this split 


this swing. When this was no longer available, it 
became necessary to either waste large quantities of 
gas during periods of excess, or to arrange to satis- 
‘factorily use this gas in varying quantities as avail- 
able. Many fluctuations in this gas supply are too 
fast to permit manual adjustments of fuel gas con- 
sumption in the refinery. 

Referring to Figure 3, a pressure controller on the 
fuel-gas line controls the pressure on this line by 
releasing gas to the burners under the boiler. The 
flow controller on the steam from the boiler controls 
the fuel oil to the burners in order to compensate for 
variations in the amount of gas burned, as they tend 
to cause a change in the steam flow. In order to com- 
pensate for variations in the fuel-oil-supply pressure 
without first causing a change in the steam flow, a 
pressure controller is used on the fuel oil to the 
burners. The flow controller on the steam resets the 
control index of the pressure controller on the fuel 
oil. The flow controller on the fuel gas to the boilers 
serves to limit the amount of gas which can go to the 
boilers, since it will not permit passage of more gas 
than it is set for at the maximum orifice-plate pres- 
sure, which would be the fuel-gas-system pressure. 
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Feed rate. 
Cooling-water temperature and 
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eat input with the feed, and 
compensates for variations in 
Steam pressure to the preheater. 
The flow controller on. the con- 
densate from the reboiler controls 
the heat input through the re- 
boiler, and compensates for 
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FIGURE 3 
Refinery Fuel System Pressure Control 
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changes of rate in the available fuel gas of approxi- 
mately 150,000 cubic feet per hour, making this 
change if necessary in 2 to 3 minutes without notice- 
ably affecting the output of the boilers. 

The above fuel-system-pressure-control arrange- 
ment is sufficient to accommodate most normal 
changes but is not sufficient to take care of surges 
sometimes caused by upset operation, particularly of 
a cracking plant. These plants can very suddenly 
change from a net producer of fuel gas to a very large 
consumer of gas when operation is badly upset, say 
by a power failure. At a time such as this, if the large 
quantity of fuel gas required were not immediately 
available, temperatures would continue to fall and 
operation would be lost. There are also times due say 
to a sudden increase in fuel gas from the vapor- 
recovery system, when the excess fuel gas is tem- 
porarily more than can be burned. 


temperature control operates from the reboiler tem- 
perature and adjusts the bottoms rate to permit re- 
moval of all material heavier than n-butane. In order 
that the temperature of the material in the reboiler 
will indicate its composition, a constant pressure js 
maintained. The pressure controller which does this 
adjusts the water rate through the overhead con- 
denser. Material not going out as bottoms will go 
overhead and appear in the overhead accumulator, 
The liquid-level control on the overhead accumulator 
adjusts the overhead make to maintain a level in the 
upper part of this vessel. The flow controller on the 
reflux to the tower maintains a set reflux rate suffi- 
cient to insure removal of the heavy material in the 
bottom product. 

When make-up gas is withdrawn for the fuel sys- 
tem, the pressure controller decreases the amount of 
overhead condensation to maintain the set pressure. 
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FIGURE 4 
Fuel System Makeup 


Figure 4 shows an automatic means of limiting 
variations of fuel-gas pressure by use of a duplex 
pressure controller which will allow make-up gas to 
go to the system when the pressure drops to a set 
point, or will vent gas to the air if the pressure rises 
to a predetermined point. In order to automatically 
have gas available for make-up into the fuel system, a 
stabilizer is kept in operation, feeding n-butane stock, 
the overhead from which returns to the feed tanks 
while the bottoms product containing any material 
heavier than n-butane is discarded to other tankage. 
The operation desired on this stabilizer is the supply- 
ing of fuel gas containing nothing heavier than 
n-butane, at any time, and in whatever quantities 
required. 

Referring to Figure 4, when no make-up gas is 
required, the feed to the stabilizer is controlled at a 
pre-set minimum which will allow the feed pump to 
operate properly. As a level is built up in the re- 
boiler, the reboiler liquid-level control increases the 
flow of condensate from the reboiler by setting the 
control index on the condensate-flow control until all 
material in excess of that required to maintain the re- 
boiler level is boiled off back into the tower. The 
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This results in the liquid level in the overhead ac- 
cumulator starting to drop, causing the level control 
to decrease the amount of overhead returned to stor- 
age. The control valve on the overhead product 1s 
coupled with a valve positioner set to give full valve 
travel for a 2-8-pound range of the controlling air 
pressure. When the liquid level on the overhead ac- 
cumulator has reached mid-point, the overhead valve 
is closed. If the gas release is greater than the mint 
mum set feed will provide, the liquid level in the 
overhead accumulator will continue to fall and there- 
by increase the feed to the tower by raising the 
control index on the feed-flow controller. The control 
index of the feed controller was adjusted in our own 
shop so that it travels full scale for a 9-15-pound 
range of the controlling air pressure. However, index 
setting mechanisms are available which are adjust- 
able both as to the air pressure at which motion starts 
and also as to the rate of movement with change ol 
air pressure. 

When the gas requirement for make-up to the fuel 
system decreases, the above process reverses itself 
and will return to the original operation or will 
stabilize itself at any intermediate point. 
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Basic Petroleum Chemistry 
For Refinery Employes 






J. J. STADTHERR, Resident Chemist 
The Pure Oil Company, Heath Refinery, Newark, Ohio 


Chapter X 
THE REFINERY OF THE FUTURE 


VW, EN Harold Ickes was Petroleum Adminis- 
trator For War, he paid this well earned tribute to the 
accomplishments of the petroleum industry. He said: 

“Since the Nazis and the Japanazis started on the 
rampage, the world of science and invention has ac- 
complished what normally it would have taken 50 
years to do. This is especially true of the American 
Petroleum Industry—. With the biggest order of its 
life to fill, they (American oil men) went to work 
with grim determination, and became, as much as 
any other factor, responsible for the means by which 
it (the war) will be won by the United Nations.” 

Certainly it would have taken many years of nor- 
mal peacetime development to attain the degree of 
perfection found in some of the newer refinery proc- 
esses, the more important of which have been briefly 
discussed in this series of articles. 

Just what is ahead in refining is contingent on 
many unpredictable developments. Expanding re- 
search programs and the application of wartime de- 
velopments to the future refining picture makes it 
difficult to evaluate present trends. It would be pre- 
sumptuous for one to attempt even a mere outline 
of possible future developments in petroleum refining 
without -the help of experts in various fields related 
to the industry. This chapter is therefore a composite 
f the views held by experts in the fields of eco- 
nomics, science and engineering. 

Without doubt, the future will see gradual im- 
provements in basic refinery processes as well as in 
the more complex chemical refining processes hur- 
edly pressed into use under the stress of war. 
Fifty years of petroleum technical progress com- 
pressed into the short span of about five years, will 
not result in technical complacency. As a matter of 
lact, throughout the industry there is evidence of un- 
precedented appropriations for new laboratories, pilot 
plants and technical personnel.”*:** There is a much 
healthier respect for the value of research on the part 
ot those who control the purse strings. Several petro- 
lum organizations have announced their intention 
‘oat least double the scope of their present research 
activities. Despite this anticipated expansion, a rela- 
ely small percentage of total investment is being 
devoted to research and development. It is quite cer- 
fain the future of petroleum refining will witness a 
‘onsiderably larger percentage of its total investment 
‘voted to research facilities. 

During the last year the volume of products from 
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the petroleum industry increased to an all-time high, 
greater than during any war year, and more than 24 
percent above the highest prewar peak. 

Contrary to early predictions, which anticipated 
a somewhat gradual return to prewar demand, all re- 
fined petroleum products except aviation fuels have 
rapidly recovered postwar losses, and in some in- 
stances have considerably exceeded the prewar and 
also the wartime peaks. Crude-oil production in 1941 
was 4,072,000 barrels daily. The peak war-time pro- 
duction in 1944 was 4,864,300 barrels per day. Last 
year the approximate daily production was about 
5,075,000 barrels. The 1947 demand for petroleum 
seems certain to exceed many of the estimates made 
during and since the war.*:* World demand for crude 
oil, excluding Russia, is expected to increase to about 
8,350,000 barrels per day by 19507 and at least 65 
percent of that quantity will be consumed in this 
country. 

There will be plenty of crude oil available, with 
larger volumes likely to be imported from abroad. 
There has been a decline in the production in some 
of the Mid-Continent areas which will result in the 
necessity of some refiners processing more marginal 
crudes of lower volatility and high sulfur content. 
The high-sulfur crudes are becoming less of a prob- 
lem to handle because of progress in the practical 
application of corrosion-resisting alloys to refinery 
equipment, improvements in the efficiency of crude- 
conditioning methods, and improvements in distillate- 
treating processes. 


The demand for aviation gasoline reached a peak 
during the war in excess of 500,000 barrels per day. 
This high demand is not likely to be reached again 
soon—certainly not before 1950, unless we again be- 
come involved in another war. However, with the in- 
crease in commercial air travel, air cargo, military 
aviation and private flying, the 30,000 barrels per 
day demand of the prewar period is expected to be 
expanded to about 115,000 barrels per’-day by 1950. 


The development of jet-propelled planes is now 
placing upon the refiner the obligation to perfect 
suitable fuels much different in characteristics from 
those formerly used in internal combustion engines. 
The entire problem of aviation fuels is very much 
in a state of uncertainty, depending upon the outcome 
of the vigorous aeronautical research instigated by 
lessons learned during the war through experience, 


’ 
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and since the war through the confiscation of enemy 
scientific records and patents. 

A new system of rating the anti-detonating prop- 
erties of motor fuels is needed and will result from 
the present confusion over the several different octane 
ratings in use. The inadequacy of the 20-year-old 
octane scale for evaluating the modern super fuels 
was felt keenly by technical groups during the war. 
A “triptane number” has been suggested at the 
United States Bureau of Standards. The proposed 
rating would be in terms of blends of triptane and 
normal heptane. It will be recalled (see Chapter 
VI) that the hydrocarbon compound triptane, or 2, 2, 
3 trimethyl butane, has an exceptionally high anti- 
knock rating, and the new scale would cover a range 
from below to above the normal ratings for present 
day fuels. 


Motor Gasoline 


If all of the excess postwar aviation gasoline were 
dumped into motor gasoline, it would result in an in- 
crease of only a few octanes, and the quality gain 
would be far too expensive for the highly competitive 
market. Some of the aviation units.are much too 
costly to operate in a peace-time economy and will 
remain shut down indefinitely. Others are being con- 
verted into equipment which can be economically 
operated for the production of motor gasoline com- 
ponents. 

Table 12 represents an estimate as to how the pro- 
duction from aviation units might be used to im- 
prove quality and augment postwar gasoline over 
prewar averages.* 


TABLE 12 
Estimated Proportionate Production of Postwar Gasoline 
Compared with Prewar Production 


| NATIONAL POSTWAR AVERAGE 





Percent 














Octane Number 
Total ——_—— a 
GRADE Production Motor Research 
Aviation , 6 8 100 
Premium 10—20 85—88 93—98 
R lar. . : . 60—75 78—80 83—8S8 
Third Grade . §—15 68—70 70—74 
NATIONAL PREWAR AVERAGE 
Percent | 
Total | 
GRADE | Production Motor | Research 
| an 
Aviation 2 | 91—100 
Premium | 10 80 86 
Regular. 78 75 | 80 
Third Grade 10 64 | 65 


Research octanes are expected to increase to a 
greater extent than Motor-Method values. This is ex- 
pected because of increasing use of catalytic-cracking 
operation which result in the formation of higher 
concentrations of aromatic hydrocarbons than is pos- 
sible with most thermal-cracking equipment. A wider 
. spread between Motor Method and Research octane 
values for a given fuel results in smoother perform- 
ance. 

This is only a part of the picture as far as quality 
improvement is concerned. New equipment and new 
processes will enable the refiner to control desirable 
qualities better than was possible before the war. 
When the new light-weight automobiles, predicted 
for the future, begin to make their appearance, the 
refiner will be ready with the proper fuel. Future 
gasolines will be composed of mixtures of relatively 
few hydrocarbon compounds as compared to the gaso- 
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line we know today. The mixtures will be free of 
odoriferous compounds. There will be more miles 
per gallon available in the motor fuel of the future. 
The demand for motor fuels has continued to in- 
crease in volume since V-J day and only a serious 
depression or the continuation of serious controver- 
sies between management and labor in all industries, 
particularly the automotive and petroleum industries, 
would cause a downward trend in the demand. C. L. 
Burrill, economist for Standard Oil Company of New 
Jersey, in a paper presented before the Petroleum 
Division of the American Institute of mining and 
Metallurgical Engineers, predicted a total demand of 
862,500,000 barrels by 1950. This figure represents a 
24-percent increase over the 1941 consumption. 


Mid-Distillate and Residual Fuels 


The mid-distillate fuels, including kerosine, domes- 
tic heating oils and diesel fuels, are prophesied to 
have a greater percentage increase than gasoline. 
Home-heating-oil demand is expected to increase 37 
percent, and kerosine 7 percent within the next five 
years. The most phenomenal increase is expected in 
the field of diesel fuels. The demand for these fuels 
has been prophesied to increase 100 percent within 
the next five years, largely as a result of anticipated 
increase in the use of diesel trucks and diesel locomo- 
tives. Diesel horsepower in the United States in- 
creased from 5,500,000 in 1935 to 45,000,000 in 1946. 
In ten years it is expected that the railroads will be 
40 percent “dieselized,” and fuel requirements for this 
purpose alone would be on the order of 120,000 bar- 
rels per day.® At least some of the diesel fuels may 
come from natural gas through commercial applica- 
tion of the Fischer-Tropsch or Synthine process. 
Diesel fuels made by this process were employed by 
the Navy in its demonstrations at Annapolis last 
year and were found to be definitely acceptable or 
superior by almost every present standard. German 
diesel fuels made by the Fischer-Tropsch process are 
often in. the range of 90 to 100 cetane number. It is 
logical to suppose that the increasing demand for 
mid-distillate fuels will cause the refiner to look 
to this process as a possible source of high-quality 
diesel fuels. 

Income of the American farmer is at an all-time 
high, resulting in an insatiable demand by the farm- 
ers for mechanical equipment of all kinds, particularly 
tractors, which are heavy consumers of mid-distil- 
lates. A movement now under way proposes to in- 
crease the sale of both distillate fuels and residual 
fuels, in the city and on the farm, by concentrating 
on an advertising campaign to sell such fuels to the 
consumer on an annual contract basis, including 
burner service, at prices low enough to compete with 
coal and gas.’ Between 1935 and 1945 home-heating 
units doubled from 1,000,000 to 2,000,000 units. The 
present home-building boom is increasing the num- 
ber of oil-burning units at a rapid pace. 

This great demand for mid-distillate oil will make 
it advisable for refiners to make use of larger volumes 
of recycle distillates from cracking operations in 
blends of diesel and domestic heating oils. Such 
blends will call for the use of additives which have 
been developed to prevent excessive gum formations. 
Other additives will be required to improve ignition 
qualities of diesel-fuel blends. The virgin distillates 
usually have good ignition qualities (cetane number) 
and ordinarily do not require such additives. These 
virgin stocks, however, will be needed in larger vol- 
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umes to meet the demand for thermal- and catalytic- 
cracking charging stock. 

In 30 years the world’s merchant fleets have 
changed from 4 percent oil- -burning to 75 percent 
oil-burning, and the few remaining coal-burning ves- 
sels are taking on oil-burning units at a rapid rate. 


Miscellaneous Petroleum Products 

The preparation of many petroleum specialties, in- 
cluding special solvents, waxes and chemicals, is 
becoming a very important branch of refining. In 
Chapter VIII a number of petro-chemical processes 
were discussed. The manufacture of organic chemi- 
cals and chemical intermediates, numbering into the 
hundreds, is becoming more and more a part of the 
important function of tomorrow’s refinery. 

The manufacture of synthetic rubber faces an un- 
certain future. However the most economic manufac- 
ture has been found to be from butadiene made from 
petroleum. Even if the maximum quantity of natural 
rubber was made available in this country by the 
relaxation of government control, at least 200,000 
long tons per year of synthetic rubber would be re- 
quired. Two good arguments favor the continuation 
of government control. First, the government recog- 
nizes the need of keeping the young synthetic rubber 
industry active for military reasons. Second, the 
manufacturers of rubber goods favor the continuation 
of government control as a protection against the 
wild fluctuation in the price of natural rubber. There- 
fore, much more than 200,000 long tons of synthetic 
rubber per year will be required for two or more 
years, and refiners will be called upon to furnish the 
necessary butadiene and special solvents. 

The national dollar-volume consumption of all 
types of plastics has grown rapidly in recent years. 
Planned facilities will bring the capacity to 3% times 
the 1945 volume and 37% times the volume of ten 
years ago. Refiners will share in this lucrative field. 

While there is expected to be an increase in the 
demand for all kinds of lubricating oils, the chief 
concern of the refiner will be to improve on the qual- 
ity of many existing lubricants. Emphasis will be 
given to the development of better lubricants for au- 
tomobiles, aircraft and special intricate machinery. 
Better lubricants for jet propulsion, gas turbines and 
close-clearance engines of all kinds will enter more 
into the refinery picture: Solvent refining methods 
will be improved and expanded. Synthetic lubricants 
will be demanded for very special uses. Lubricants 
making use of such compounds as the hydrosilicons 
will become a manufacturing activity of the refinery 
of the future. 

Atomic Energy 

Several major oil companies are investigating the 
possible industrial application of atomic energy, but 
no one seems to be perturbed over the possibility of 
early competition of atomic energy with petroleum— 
at least not yet. 

Such fantastic statements as “The Queen Mary can 
be driven to Europe rag back with a piece of uranium 
the size of an egg” or “A piece of uranium the size 
of a pea buried a the doorstep will heat a house 
throughout its life time” have not caused petroleum 
technologists to lose sleep over the possibility of loss 
of maritime or domestic fuel sales. In fact, the nat- 
ural-gas industry has heralded this possible source 
of energy as a ‘safeguard against the ill effects of 
eventual depletion of its valuable products, and has 
used it as an argument against those who insist that 
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the supply of natural gas is about gone and must be 
husbanded. 

While it is estimated that atomic energy will be 
available for industrial application within the next 
five years, its application most likely will be in re- 
mote mining operations and irrigation developments 
far removed from serious competition with petro- 
leum."? 

One pound of unranium 235 will give, on fission, 
as much heat as 1,500 tons of coal worth between 

7,000 and $20,000. From fragmentary data it is esti- 
mated that uranium costs about $22 per pound. How- 
ever, the cost of equipment for processing it into 
useable energy is very high and only a very small 
fraction of the uranium can be fully utilized. Never- 
theless, it has been estimated that with the develop- 
ments now planned, in ten years atomic fuel might 
compete with coal selling at $10 per ton. 

Unless someone can devise a cheap atomic-powered 


‘automobile or airplane to compete with gasoline, 


serious competition with petroleum is not expected 
for 25 years, and perhaps never. On the basis of these 
estimates, we must conclude that there is no immi- 
nent danger of atomic energy putting petroleum re- 
finers out of business. 

The status of atomic-energy utilization is sum- 
marized in the following quotation from a report of a 
large group of scientists advising the Secretary of 
War’s Interim Committee on Atomic Energy: 

“We have examined in some detail the technical 
problems of making available heat and power on the 
scale of present world consumption from controlled 
nuclear reactors. We see no significant limitations on 
this development, either in availability or in the cost 
of the fundamental active materials. We see charac- 
teristic limitations and characteristic advantages in 
atomic power which make us regard it in great meas- 
ure as a supplement to existing sources, and an incen- 
tive to new developments, rather than as a competi- 
tor, let us say, to coal or to petroleum products We 
see no foundation in current science for the hope that 
atomi¢ power can be effectively used for light, small 
portable units such as are required for aircraft and 
automotive transportation; but we believe that the 
development of rather large power units for heat and 
conversion to electrical energy is a program for the 
near future; that operating units which serve to 
demonstrate the usefulness and limitations of atomic 
power can be in existence within a few years, and 
that only the gradual incorporation and adaption of 
such units to the specific demands of contemporary 
economy will involve a protracted development.”” 


New Processing Equipment 


New equipment added to refinery facilities during 
the war seems to have accelerated the demand for 
more of the same. The refinery of the future will 
become a combination oil refinery and chemical- 
manufacturing plant. Catalytic and thermal processes 
will be built for maximum conversion of crude oil 
into high-octane fuels or special organic chemicals. 
Mere refinery gases will be polymerized to higher- 

value liquids. Super-fractionating equipment which 
may employ 150 or more plates will be used for the 
separation of relatively pure hydrocarbons from 
petroleum mixtures. Improved extraction and solvent 
refining equipment will be used to improve upon the 
separation made possible by precise fractionation. 

More and better. instruments, making use of re- 
cently developed application of electronics to process- 
ing controls will be required for the flexibility which 
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will be more necessary in tomorrow’s refinery. De- 
mands for a larger variety of petroleum products are 
likely to fluctuate as a result of expanded research 
and development in the field of fuels, agricultural 
uses,* chemicals, lubricants, solvents, plastics, etc. 
The refinery must, of necessity, be extremely flexible. 
It must be capable of making a large variety of prod- 
ucts demanded by an ever changing market. Refiner- 
ies may become less competitive, with each refiner 
becoming a specialist in some branch of manufacture. 
Motor gasoline as it is known today will become a 
secondary source of revenue.*® Profits will be found 
more and more in the sale of special organic chemi- 
cals, special solvents, lubricants and intermediates 
for a greatly expanded organic chemical industry. 

Refinery equipment has always had a rapid rate 
of obsolescence, and as a result of expanded research 
facilities, processing equipment is certain to become 
obsolete even more rapidly in the refinery of the 
future. Different equipment will be required if and 
when it becomes necessary to supplement the petro- 
leum supply with products made from coal, oil shale 
and agricultural wastes. 


Refinery Personnel 


One of the problems uppermost in the minds of 
refinery managements is the question of adequately 
trained personnel. The more complex refinery opera- 
tions become, the more important it becomes for 
workers to be trained in the complexity of their re- 
spective duties. Training has to be extended into all 
branches of the refinery, and it should reach down 
into the laboring groups. 

Progressive refineries saw this need emphasized 
during the war years and those which had not al- 
ready established training facilities within the or- 
ganization were quick to set up training departments 
aided by the educational institutions, government 
agencies and especially by industrial publications.** * 
It is said that the technology of refining has become 
at least five times more technical than it was some 
20 years ago. The process developments of the engi- 
neers and chemists are demanding specialized knowl- 
edge on the part of unit operators and their assistants. 
New metals, alloys and plastics are coming into refin- 
ery use more each day. Machinists must know how 
to handle them. New intricate machines require 
greater skill on the part of personnel engaged in the 
crafts and in general refinery-maintenance work. 
Skilled operators and craftsmen can not be acquired 
in the labor market because of limited avalability and 
because of agreements with labor groups to promote 
from within the existing organization when possible. 
Refinery organizations will have to see to it that men 
get the necessary training on the job. 

The trends in refinery training are aimed at reach- 
ing every group from the laborer to the department 
heads. For those employes who are less disposed to 
the study of available literature, graphic and pictorial 
methods of instruction are becoming available to re- 
finery training departments. A number of universities 
and colleges, through their industrial training depart- 
ments, have been making progress in the preparation 
of special courses. A number of such courses have 
been validated by the Committee on Vocational 
Training of the American Petroleum Institute. The 
immediate future will see much emphasis placed on 
the need for vocational training in refineries. Men 
with basic knowledge of the physical sciences are 
needed in every refinery operation. These men must 
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know more about physics and chemistry and the prac- 
tical application of these sciences to their work.’** 
The future of refining will see such training efforts 
developed to a high degree, and good employer-em- 
ploye relations will be made even better by the active 
participation and cooperation of labor groups. 


The petroleum industry has been particularly 
favored by much better than average employer-em- 
ploye relations from which have come top wages, 
good working conditions, retirement plans, group- 
insurance plans and other advantages enjoyed by 
employes of very few other industries. The people 
employed in tomorrow’s refineries will see that these 
advantages are retained. With a spirit of willingness 
on the part of both management and labor to sit 
down together and solve the human engineering 
problems created by a great and growing industry, 
mutual benefits will be gained for both, and America 
will enjoy an even higher standard of living than it 
does at this time. 

Conclusions 


What do these prospects of the refinery of the 
future mean to the capable and interested refinery em- 
ploye? 

They mean that he may enjoy a sense of security 
as regards continued employment in his field of work; 
that there is a growing demand for the products of 
his labor; and that research is pointing out new 
methods and new techniques which will make his 
work less burdensome and with which he must be- 
come familiar. They mean that for him there is al- 
most unlimited opportunity to improve his useful- 
ness to his organization; that his reward will be in 
proportion to his ability to produce; and that through 
cooperation of management and labor, mutual bene- 
fits are certain for all concerned. They mean that he 
may face the challenge of tomorrow with faith, hope 
and enthusiasm. 
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Tue fractionation of hydrocarbon mixtures in standard bubble- 
cap plate towers is discussed in a manner designed to emphasize 
the capacity and efficiency factors for existing equipment. A brief 
theoretical discussion is followed by sections on operating pro- 
cedure, instrumentation, changes outside towers, and changes in- 
| side towers, to familiarize operators with certain techniques used 
by the authors to improve the performance of fractionators. An 
| engineering investigation of a specific tower, covering the develop- 
ment of improved performance, is appended as an illustration of 
the application of parts of the text of the paper. The authors col- 
laborated during the recent war to prepare the paper so that units 
of the industry might better be able to maximize war-products 
outputs. 

This paper was presented to a Group Session of the Division of 
Refining on Gasoline before the Twenty-sixth Annual Meeting of 
the American Petroleum Institute, Chicago, November 12, 1946. 





| 





—_— the war the petroleum industry, through the 
Petroleum Industry War Council, gave freely of technical 
knowledge and manpower that the armed services might not 
lack petroleum products. This service was spearheaded by 
the Technical Advisory Committee (a subcommittee of the 
Technical Committee of the council) under the chairmanship 
of T. G. Delbridge of The Atlantic Refining Company. With 
K. G. Mackenzie of The Texas Company and A. E. Miller 
of Sinclair Refining Company as its secretaries, this group 
collected from the entire industry a great deal of valuable 
technical information which was distributed, at the direction 
of the Petroleum Administration for War, to all those able 
to use it in advancing our success in the war. 

One of the assignments of TAC Primary Processes Sub- 
committee was to develop all possible information on how to 
get the most in capacity and efficiency from bottleneck frac- 
tionation equipment. This study was one of a number of 
TAC reports on fractionation, and is presented here because 
of its continuing postwar interest and its bearing on future 
fractionating tower designs and operations. 

The authors wish to take this opportunity to thank and 
credit not only their own companies, but the many others 
whose findings are reflected in this paper. 


Explanatory 


This report has been prepared in order to present to the 
petroleum industry some of the generally applicable tech- 
niques which have been utilized by various companies for 
eliminating obstructions to light-ends tower capacity or ef- 
ficiency. 

It is felt that the ideas and principles included may prove 
beneficial in aiding other refiners with similar problems to 
increase their tower capacities or improve the quality of their 
products. 

This report is not intended as a textbook on the theory of 
fractionation nor as an instruction book on the operation of 
fractionators. However, it was felt -that, inasmuch as this 
report will undoubtedly be read by non-technical men in 
charge of operations, a short theoretical description of frac- 
tionation would be helpful in clarifying some of the state- 
ments and comments contained in the body of the report. 

The body of the report contains a description of possible 
tower bottlenecks and some reasons for poor efficiencies. The 
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items discussed are by no means all that are possible, but 
include those which have been met with by the authors. The 
description covering these items is kept necessarily short 
and incomplete for sake of conciseness, inasmuch as the 
actual conditions in any one case are complicated and varied. 
It is hoped that these short comments on various’ bottle- 
necks and sources of poor efficiencies will stimulate thought 
along similar lines, so that the individual problems can be 
more readily solved and the fractionation improved. 

No attempt is made in most cases to segregate those 
changes which would improve fractionation from the changes 
to increase capacity. Usually if efficiency is improved, in- 
creased capacity is attainable when separating at the original 
efficiency. Similarly, removing bottlenecks in the fraction- 
ating equipment proper usually will improve efficiency if the 
loads are not increased. In most cases, both are desirable. 
Items such as mechanical difficulties in equipment adjacent 
to the fractionator tower and recommendation of correct in- 
strumentation were considered to be beyond the scope of the 
report. Packed and perforated plate towers were not con- 
sidered. 

A detailed report covering test data and calculations cover- 
ing a fractionating tower that was operating poorly is in- 
cluded to illustrate a method of attack when trying to im- 
prove the operation. The calculation methods herein pre- 
sented are not to be taken as recommended methods, but are 
given as an example of what should be calculated. 


What is a Fractionating Tower? 


In order to understand the function of a fractionating col- 
umn and to correlate this understanding with the discussions 
that follow, two concepts of the column will be given. The 
first, although not rigorous scientifically, will permit a visuali- 
zation of the operation. The second is theoretically sound, 
but possibly not so easily visualized. 

The first concept is to consider the fractionating column 
as two separate and distinct units. The bottom, or stripping 
unit, will remove from the~feed-alt-constituents not. desired 
in the bottoms product. The stripping of the feed in this sec- 
tion of the column is accomplished by a stream of vapor 
originating in the reboiler of the column. This vapor passes 
up through the trays, and strips from the downflowing liquid 


the constituents that are desired in the overhead from. the 


column. Constituents desired in the bottoms also are partly 
stripped from the-descending liquid, so that from the top 
tray of this stripping section ail the overhead constituents 
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and some of the bottoms constituents will be found in the 
vapor phase. 

These mixed vapors pass up into the fractionating or “ab- 
sorbing section.” The top part of the column can be visual- 
ized to consist of an absorber wherein the constituents de- 
sired in the bottoms are absorbed by the reflux. In the ordi- 
nafy absorber the reflux (or lean oil) is relatively non-vola- 
tile, and passes out of the bottom of the absorber together 
with the material that has been absorbed from the rising 
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FIGURE 1 
Calculated Temperature Gradient—Primary Debutanizer 
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vapors. In a fractionating column, the reflux is a relatively 
highly volatile liquid that is vaporized on passing down 
through the column, thereby condensing and concentrating 
the constituents desired in the bottoms, returning them to 
the stripping section, 

From this concept, it follows that there is a minimum 
quantity of vapor required to pass up through the stripping 
section in order to remove the undesired constituents com- 
pletely from the bottoms, Likewise, in the fractionating (or 
absorbing) section there is a minimum quantity of liquid 
that will absorb the bottoms constituents (that have been 
carried above the feed tray by the vapors) from the rising 
vapors and return them to the stripping section. 

The second concept is to consider a fractionating column 
as a heat engine. For any given degree of fractionation there 
is a minimum amount of energy required to separate the 
overhead product from the bottoms product. The heat input 
into this heat engine is supplied by the feed and the reboiler. 
The heat that is introduced into the column-is removed by 
the reflux and finished products. 
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Concentration and Temperature Gradients 


In fractionating columns the temperature gradient is not 
usually a straight line nor a uniform curve. Likewise, the 
concentration gradient of any component may change ma- 
terially from point to point in the column. Figures 1, 3, and 
5 show typical temperature gradients in fractionating col- 
umns. Figures 2, 4, and 6 are concentration curves corre- 
sponding to the aforementioned temperature-gradient curves. 

Temperature gradient (Figure 1) and composition (Figure 
2) are typical of a column that is used to strip from the bot- 
tom product a large percentage of the lighter components, 
but is. not producing an overhead product with a high per- 
centage of purity. As this job is primarily one of stripping, 
the feed tray will be located relatively high in the column. 
Referring to Figure 2, it will be noted that the two heaviest 
components in the overhead (except a small amount of pen- 
tane), viz., butane and butylene-2, show a point of maximum 
concentration approximately four trays above the bottom of 
the column. This point of high concentration, with rapid 
decrease below that point, is usually associated with a rapid 
change in temperature from tray to tray below that point. 
Above that point, there is usually a section of the column 
where the temperature change from tray to tray is only 
slight. However, in this section of almost constant tempera- 
ture, a rapid change in composition may still take place. 
Figure 2 shows that, while a rapid change of composition of 
isobutane is taking place in this section, the other components 
are changing their composition relatively slowly. In this col- 
umn, the most sensitive control point would be on the 24th 
or 25th tray from the bottom where the temperature gradient 
is changing rapidly. This point is discussed more fully later 
in the report. 

Figures 3 and 4 show temperature and concentration 
gradients in a typical depropanizer operating to strip the bot- 
toms of propane with a small loss of butane overhead. Again 
the main job is one of stripping, so the feed-tray location is 
relatively high in the column. The temperature gradient in 
this column has the same general characteristics as the tem- 
perature gradient of Figure 1, except that a much larger 
temperature gradient exists in the top part of the column. 

Figures 5 and 6 show the composition gradients and tem- 
perature gradient of a typical detsobutanizer operating in an 
alkylation plant. The temperature gradient and composition 
gradient are similar to those previously shown. It is interest- 
ing to note in Figures 5 and 6 that the temperature gradient 
in the stripping section shows the highest slope between trays 
30 and 40. Over this section of the column, it will be noted 
that the greatest reduction in isobutane content takes place (Fig- 
ure 6). This would be a sensitive point of control. Above the 
feed, the sharp change in temperature between feed plate 
and tray No. 60 is due primarily to fractionating out the alky- 
late vaporized from the feed. The rate of change in tempera- 
ture decreases over the next few trays, and then increases 
again where the normal-butane concentration of the overhead 
decreases, and the propane concentration increases rapidly. 
The other point of temperature control, to be most sensitive, 
would be near the 66th or 67th tray. It must be realized that 
other compositions and other degrees of cut will produce 
temperature gradients and composition gradients somewhat 
different from those shown, but the general characteristics 
in all cases will be the same. 


Fluid Flow on Bubble-Cap Trays 

a. Flow rates: There are two distinct types of fluids with en- 
tirely different flow paths flowing in a fractionating tower. 
Gas or Vapor, the major quantity of which usually originates 
in the reboiler, flows up the column. In theoretical. fractiona- 
tion calculations, it is usually assumed that the mols of vapor 
im all sections of a tower are the same when the charge en- 
ters at its bubble point. In actual towers, this assumption 1s 
only approximated, and in unusual cases ‘the quantity of 
vapor varies considerably. If the feed is partly vaporized, this 
vapor combines with the vapor flowing up from the bottom 
of the tower and, hence, the quantity of vapor just above the 
feed tray is larger than that just below the feed tray. If the 
charge comes into the tower below its bubble point, addi- 
tional vapor must be present in the section below the feed 
to heat the charge to its boiling point. Because the vapor 
from a reboiler frequently has a much higher temperature 
than the bottom tray, this vapor contains more heat in rela- 
tion to its volume than vapor passing through the second 
tray from the bottom. Hence, the volume of vapor passing 
the first few bottom trays may be larger than the vapor from 
the reboiler. 

Liquid (the other type of fluid) is introduced at the top of 
the tower as reflux, and flows down the tower, crossing eac 
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tray. At the feed tray, this internal reflux is combined with 
the charge liquid and continues down the tower. Normally, 
the quantity of liquid in the bottom section of a tower is 
larger than the quantity in the upper section, However, if 
the charge enters substantially all vaporized but, not super- 
heated (at its dew point), the quantity of reflux liquid is 
about the same in any section of the tower. When the charge 
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At low slot velocities, the vapors form large bubbles in) 
passing through the liquid. Under these conditions, only: a 
small part of the liquid comes in contact with the vapor, and 
the tray efficiency will be low. At moderate slot velocities, | 
the bubbles will . smaller and the liquid will be well agi- 
tated, and a high tray efficiency results, At high slot veloci- 
ties, the bubbles break down and coalesce with one another, 
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FIGURE 2 
Plate Liquid Composition—Primary Debutanizer 


comes in above its dew point (superheated), additional cool- 
ing in the form of reflux to the feed tray from the top sec- 
tion must cool the charge to its dew point; hence, the liquid 
overflow in the top section will be larger than in the bottom 
section. Liquid side-stream drawoffs will decrease the quan- 
tity of liquid. overflow below the point of drawoff. If reflux 
is introduced into a tower cold or well below its bubble point, 
the reflux quantity will increase until it reaches its boiling 
point by cooling and condensing some of the vapors. 

b. Vapor path: In passing from tray to tray the vapor goes 
through the uptakes, reverses its path, and flows in the op- 
posite direction in the annular space between the caps and 
the uptakes, It changes direction again to go through the 
slots, and finally bubbles up through the liquid on the tray. 

The pressure drop between the trays is the sum of the 
pressure drop through the uptakes, reversal section, annular 
section, slots, depth of equivalent liquid at the point of issu- 
ance of the vapor from the slots, and various entrance and 
exit losses. The following concept of vapor bubbling through 
liquid is idealized for sake of clarity. 
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and vapor channeling results. This results in a lowering of 
tray efficiency, as the vapor does not come in good .contact 
with liquid. 

Visual observation of bubbling trays shows that, at mod- 
erate and high gas velocities, the liquid is well agitated and 
is broken down into foam or large droplets which bounce 
across the tray. These droplets occupy a zone that is higher 
above the top of the tray than that which would be occupied 
by clear liquid if no vapor were passing through the liquid. 
Above this zone there occurs another dense zone of smaller 
droplets which extends 12 to :24 inches above the tray. The 
height of the second zone depends on the slot velocities, su- 
perficial velocities, liquid depth and rate, and increases with 
increase in superficial velocity, It is this zone that should be 
kept in the space between the trays; for, if it extended higher 
than the space between the trays, serious decrease in tray 
efficiency would result due to entrainment. Above this zone 
there is another zone composed of a fine mist that extends 
for a considerable distance above the middle zone, and will 
always extend to the next plate. The percentage entrainment 
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that this mist represents is small and, hence, has only a small 
effect on tray efficiency. There is one other zone that some- 
times can be observed. This is one composed of clear, unagi- 
tated liquid and-lying next to the plate surface, underneath 
the slots, and in any dead spaces in the liquid path across 
the tray. If this zone is large, the tray efficiency is low, as 
it represents liquid that is not in equilibrium with the vapor. 

c. Liquid path: The liquid flows across the tray between and 
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FIGURE 3 
Calculated Temperature Gradient—Depropanizer 


over the caps, and will take the path of least resistance. In 
trays which have bubble caps located close together, there 
is considerable resistance to flow, and the depth of liquid 
on the inlet side will be considerably greater than that on the 
outlet side of the tray. Under this condition the majority of 
the vapors will pass through the caps on the outlet side 
where the liquid depth is low, and may not bubble at all 
from caps near the inlet side. If the hydraulic gradient is suf- 
ficiently large, the caps near the inlet side may allow liquid 
to backtrap through the risers to the tray below. If the vapor 
is not well distributed through all caps and risers, serious 
decreases in the tray efficiencies may result due to excessive 
slot velocities at some points. Another effect in crossflow 
trays is that the vapor will flow across the top of the trays 
countercurrent to the liquid flow in order to pass through 
only the caps near the overflow weirs. This crossflowing of 
the vapor causes an added piling up of liquid at the inlet side 
of the tray, and thereby accentuates backtrapping of liquid 
through the uptakes. Whenever backtrapping occurs, serious 
decrease in tray efficiency results. 

At the outlet side of a tray the liquid flows over the weir 
into the downflow. In modern towers the pressure drop 
through the downflow is negligible except at the constriction 
where the liquid leaves the downflow and enters the tray be- 
low. The function of the downflow area is to provide space 
to disengage vapor that is carried over the weir with the 
liquid. A dead space of liquid just before the weir also ac- 
complishes vapor disengagement. The vapor must be disen- 
gaged from the liquid, or the liquid-carrying capacity of the 
downflow will be markedly decreased. The height of liquid 
standing in the downflow must be that which counterbalances 
the pressure drop between the trays plus the liquid gradient 
plus the pressure drop through the downflow. When this 
liquid level reaches the top of the weir, the tower will begin 
to flood. In cases where vapor is carried through the down- 
flow, the apparent density of the liquid is decreased and the 
liquid height raised. 

A row of bubble caps normal to the direction of flow of 
liquid across the tray will stop bubbling when the magnitude 
of the liquid gradient at this point equals the average pres- 
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sure drop through the caps bubbling. A row of caps will be- 
gin to backtrap when the liquid gradient at this point equals 
the average gas-pressure drop through the bubbling caps 
plus the distance between the top of the slots and the top 
of the uptakes, Thus, it can be seen that poor vapor distribu- 
tion through the caps will result when the pressure drop 
through the caps is low, even though the liquid gradient is 
also low. A tray will be unstable, with the danger of back- 
trapping ever present, when the pressure drop through the 
cap is low and the distance between the top of the slots and 
top of the uptakes is also small. 

d. Changes in flow rates: In the foregoing discussion it has 
been assumed that steady rates of flow for both liquid and 
vapor were present. However, in actual practice both are 
continually fluctuating. An accelerating flow produces an ad- 
ditional pressure-drop quantity due to the acceleration, 
whereas a decelerating flow produces a negative pressure- 
drop quantity. A rapid acceleration of charge or reflux causes 
a high temporary liquid gradient that either causes the plate 
to back-trap or to flood. A rapid acceleration of vapor-flow 
rate pushes the liquid away from the caps and blows the 
liquid off the trays. A rapid deceleration of vapor flow pro- 
duces a negative pressure drop through the caps, and will 
allow liquid to backtrap through the caps that are more 
highly submerged. The rate of acceleration or deceleration 
is more important in producing these effects than the abso- 
lute value of liquid rate of vapor rate experienced during 
the change. All these effects, of course, cause poor efficiency; 
and, if the changes in rates occur continuously, a certain per- 
centage of the plates in the tower will be upset at any one 
time, and the tower will exhibit a poor average efficiency. At 
low loads, the vapor rate through the caps has a tendency 
to surge, thereby causing backtrapping and low efficiencies. 
The liquid distribution is also poor at low loads. 

Overload conditions: Overload conditions are present where 
vapor and liquid rates are such that a “flooding condition” 
exists. A tray will begin to flood when the liquid level stand- 
ing in the downflow from the tray reaches the top of the 
overflow weir (see Figure 17). A slight increase in load will 
then build up liquid on the tray until liquid fills the vapor 
space and enters the risers above. One section of a tower 
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FIGURE 5 
Calculated Temperature Gradient—Deisobutanizer 


may flood while the balance of the tower can be below the 
flood point. Usually flooding begins on the feed tray. When 
a tower floods in the top section because of flooding below 
the feed, liquid may be carried over in the vapor line. 
When flooding occurs, there is usually a break in the pres- 
sure gradient through the tower at the region of flooding with 
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a much higher gradient throughout that region. When liquid ts 
being carried overhead, additional pump-back reflux will have no 
effect on the top temperature or reboiler load. This is due to the 
fact that a flooding downflow will handle only a fixed amount 
of overflow liquid, which is usually less than the non-flooding 
downflow capacity. Additional pump-back reflux over this 
amount will be carried overhead directly as a liquid, and will 
never enter the section of the tower below the top tray. By 
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reboiler fills up to the bottom tray with liquid due to fouling 
of the reboiler. This flooding of the bottom downflow will 
cause the balance of the tower to flood even though the 


tower has ample capacity. tae ae 
Liquid being carried overhead is not a true indication of 


flooding, as this carry-over might be due to entrainment only. 
However, entrainment alone does not cause large amounts 
of liquid to be carried over. 
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FIGURE 4 
Plate Liquid Composition—Depropanizer 


making a heat balance over the tower or condenser, it can 
be shown that a portion of the stream entering the condenser 
is not in the vapor state. Inasmuch as the overflow liquid is 
limited, the reboiler load may not be so high as when flooding 
is not occurring. If the flood occurs at the feed tray, the 
bottoms-product quantity may be reduced temporarily. 
_As a rule when flooding occurs, poor fractionation results. 
This may be due either to slugging of liquid overhead 
(“puking,” with resulting pressure and temperature varia- 
tions), or to the increased tower pressure. In the latter case, 
the alpha values are decreased and the required separation 
is theoretically more difficult. Some towers have been ob- 
served, however, that have good efficiencies when the tower 
is operated in a flooding condition at the top of the tower 
only, but under these conditions there are no variations in 
temperatures or pressures. If flooding starts at the feed tray 
and works up the tower, poor separations may result. 
Flooding will start when a totally enclosed trap pan to a 
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Purpose of Trays and Tray Efficiencies 


a. Trays: The modern fractionating column usually consists 
of a number of trays having bubble caps so arranged that 
liquid flows across the trays. The vapor through the caps 
bubbles through the liquid on the trays. In this manner, 
intimate contact over a large surface area between the rising 
vapors and descending liquid is accomplished. Through this 
surface there is a material exchange between the liquid and 
vapor, the exchange occurring in both directions simul- 
taneously. At the same time material is exchanged, heat is 
also exchanged.’ Because the vapors are at their dew points 
and liquids at their bubble points on the trays, substantially 
all the heat transferred on any tray is due to an exchange 
of latent heat. Therefore, the efficiency of material and heat 
transfer must be comparable. 

b. Efficiencies: There are a number of different definitions of 
tray efficiency. For the purpose of this report, tray efficiency 
is defined as the ratio of the number of theoretical trays re- 
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quired for a given separation at a given reflux ratio and the 
actual number of operating trays required for that separation 
with that reflux rate. A theoretical tray is one on which the 
liquid leaving the tray is in thermal and material equilibrium 


with the vapor leaving the tray. The two main factors that 


may affect tray efficiency to a large degree are underload 


and overload. 


If, at any given point, the liquid is considered as flowing 


across the tray and vapor rising through the tray, there will 
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practice, however, the column usually is equipped with more 
than the calculated number of actual trays. 

The additional trays are for the purpose of compensating 
the effects of the many operating variables such as feed rate, 
feed composition, degree of vapor-liquid contact, inaccuracies 
of control caused by instrument lag, and fluctuations in 
utility quantities or temperatures. The number of trays over 
the actual calculated required will largely depend on the mag- 
nitude and rate of change of these variables. 
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FIGURE 6 
Plate Liquid Composition—Deisobutanizer 


be a certain ratio between the equilibrium actually obtained 
and the theoretical equilibrium that could be obtained if suf- 
ficient time and surface were allowed. The efficiency at this 
point is termed “point efficiency.” 

On a crossflow tray, where the liquid is changing in com- 
position from the inlet to the outlet side and where the vapor 
entering the tray has substantially a constant composition, 
the summation of these point efficiencies may be considerably 
different from the overall plate efficiency. In fact, in a num- 
ber of cases where point efficiency is high, the overall plate 
efficiency may actually exceed 100 percent. 

c. Number of trays: For any given separation of a given feed 
there will be a certain definite fixed number of theoretical 
equilibrium steps that must be passed through in order to 
achieve the desired result with a given reflux rate. The actual 
number of trays required for the separation is then the 
theoretical steps divided by the overall tray efficiency. In 
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Discussion of Reflux 


a. Purpose of reflux: Reflux is introduced into a column to 
prevent constituents that are desired in the bottoms product 
from passing overhead. This reflux, in passing down through 
the column, absorbs the heavy constituents and by. latent 
heat exchange the reflux is partly vaporized. The unvaporized 
reflux from the fractionating section, together with the ab- 
sorbed (condensed) constituents that are desired in the bot- 
tom product, flow into the stripping section. The liquid con- 
stituents that flow from the fractionating section into the 
stripping section frrnish most of the vapors that are used 
in stripping the overhead product from the bottoms. The 
total vapor is made up of vaporized reflux plus the lighter 
constituents of the feed. When producing a bottoms product 
of constant.composition, additional heat in the reboiler will 
not affect the temperature of the bottoms product. 

b. Definition of reflux ratio: The reflux to a column. is de- 
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fined normally as a ratio rather than as an absolute quantity. 
For specific purposes, this ratio is taken at different points 
in the system. Various expressions of reflux ratio in com- 
mon use are the ratio of reflux to feed, the ratio of reflux 
to bottoms, the ratio of the liquid flowing down inside the 
column to the vapor rising in the column. In this last case, 
there are two internal reflux ratios, viz., one above the feed 
and the other below the feed. 

Still another reflux ratio (as used principally throughout 
this report) is the ratio of the reflux from the top tray to the 
net overhead product. For engineering purposes, it is cus- 
tomary to express the reflux ratio on a mole basis. 

c. Infinite reflux ratio: There is a hypothetical case, used 
ineielie in calculations, in which a column is considered to 
be completely shut in; i.e., no feed entering the column, no 
overhead products or bottoms products being withdrawn. 
Under these conditions, the total overhead is condensed and 
returned to the column as reflux, and the reflux ratio be- 
comes infinite. In this case, the absolute minimum number 
of theoretical trays or equilibrium steps is required to ac- 
complish a given separation. 

d. Minimum reflux: Considering the column as a heat engine, 
there is a minimum amount of heat required to make any 
separation; and it follows, therefore, that, irrespective of the 
number of trays in the column, there is a minimum reflux re- 
quired for any degree of fractionation. 

Actual reflux: It has been found that the actual reflux re- 
quired in a properly designed and operated fractionating unit 
is not far greater than the minimum reflux ratio. It is usually 
most economical to operate a column with the actual reflux 
ratio from 1.2 to 1.4 times the minimum. If.the column is 
operating with reflux ratios substantially above these limits, 
increased reflux will make no appreciable improvement in 


fractionation. The reflux ratio for a given purity of overhead 


and bottoms products will vary roughly, inversely with percent 
if overhead product in the feed. Consequently, the reflux for 
such a separation bears an almost constant ratio to the feed 


rate. 


Feed 


a. Feed-tray location: If the column is considered to consist 
of two parts, viz., the stripping section and the absorbing or 
fractionating section, it will be appreciated that, by varying 
the point at which the feed is introduced into the column, 
the number of the trays in the stripping section can be 
increased at the expense of the trays in the fractionating 
section, or vice versa. In many cases the stripping problem 
is more difficult than the fractionating problem, indicating 
that the stripping section should contain the greater num- 
ber of trays. If the feed is introduced at too low a point in 
the column, insufficient trays are available for stripping, 
and there are more than enough trays for fractionation. Un- 
der such conditions, the apparent tray efficiency in the frac- 
tionating section will be very low. If, on the other hand, the 
stripping job is very simple and fractionation is difficult, the 
feed should be introduced relatively low in the column so 
that there are few stripping plates and a large number of 
fractionating plates. 

b. Condition of Feed: One of the important factors for maxi- 
mum column efficiency is the percent of feed vaporized at 
the point of feed introduction into the column. 


Whether the job is one of easy fractionation or one of easy 
stripping, very often depends on the percent of feed va- 
porized before it enters the column. If a high percent of the 
feed is vaporized, the fractionating job becomes more diffi- 
cult and the stripping job easier. Therefore, the point of feed 
introduction should be lowered as the percent vaporization 
of the feed is increased. It is considered normally good prac- 
tice to hold the percent vaporization of the feed down to the per- 
cent of feed taken overhead as product. 

For a given separation, with nominal feed vaporization, ad- 
ditional heat input to the feed will relieve an equivalent 
amount of heat from the reboiler. In a column overloaded be- 
low the feed and underloaded above the feed, a better dis- 
tribution of load, together with higher fractionating efficiency 
or higher throughput, can be obtained by putting additional 
heat into the feed, 

3y the term “load” we mean the amount of liquid and 
vapor passing through the column. As an example of the 
effect of feed vaporization on the amount of reflux and load 
in the different sections of the column, reference is made to 
Figures 7 and 8. These show the reflux ratio, relative vapor 
tates, relative liquid rates, and heat loads applied as a func- 
tion of percent vaporization of the feed. The study was made 
at constant feed rate, and with constant fractionation. The 
optimum feed point was assumed for all cases. 
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For the particular example, these show that as the per- 
centage vaporization of the feed increases: 

1. The required reflux rate rises slowly until a feed. vapori- 
zation of 12 to 13 percent is reached, beyond which the 
required reflux increasés more rapidly. 

2. The liquid and vapor rates below the feed tray are 
sharply reduced for the first few percent of feed va- 
porized, the rate of reduction then tending to flatten out. 

3. The liquid and vapor rates above the feed tray increase 
slowly for about the first 15 percent vaporized, beyond 
which they increase more rapidly. 

It will be noted that the percent feed vaporized is exceed- 
ingly sensitive to temperature. Obviously, it would be diffi- 
cult to control the percent feed vaporized by a temperature 
controller on the feed to such a column. Under these condi- 
tions, the type of feed heater should follow more or less 
the pattern of vaporizer to be described later on in this pa- 
per. The magnitude of these variations will vary with the 
feed composition’ and separation desired, but will tend to 
follow the general form of these curves. 

Figure 8 shows the relative heat loads on the system as 
a function of the feed vaporized. It will be noted that as the 
percent feed vaporization increases from 0 to approximately 
12 or 13 percent: 

1. There is substantially no increase in the load on the re- 

flux condenser. 

2. The load on the preheater increases materially; but 

3. The load on the reboiler decreases an almost equivalent 
amount. 

4. The total heat load on the system remains substantially 
constant. 

As the percent vaporized increases above 1 to 13 percent: 

1. The load on the reflux condenser increases. 

2. The reboiler load remains substantially constant. 

3. The preheater load increases. 

4. The total heat load on the system increases. 


Absorber Characteristics 


An absorber is similiar in many respects to a fractionating 
column. However, in normal absorber operation, material ex- 
change takes places in one direction only, ie., from the gas 
phase to the liquid phase. The absorbing medium is usually 
of low volatility, so that the amount of absorbing medium 
vaporized is negligible. Because material exchange is pri- 
marily in one direction, entrainment of liquid from tray to 
tray is very detrimental to overall efficiency. | 

There are a number of conditions in absorber operation 
on very rich gas, especially at pressures in excess of about 
100 psig in which the heat of absorption may. be great enough 
to raise the temperature of the oil passing through the ab- 
sorber sufficiently to distill considerable quantities of the 
lighter constituents from the oil near the bottom of the ab- 
serber. These constituents would be reabsorbed, in turn, in 
the upper part of the absorber—setting up a large internal 
recycle vapor load. This recycle would materially decrease 
the overall absorber efficiency. 

The heat capacity of the gas entering the absorber may 
tend to drop the bottom-tray temperature of the absorber. 
A combination of the cooling effect of the incoming gas, to- 
gether with vapor recycling within the absorber, would have 
the effect of producing in the center to upper part of the ab- 
sorber the highest temperatures in the column. In order to 
combat this effect when operating on rich gas, it is cus- 
tomary to use intercoolers in order more nearly to approach 
a constant temperature throughout the column, The inter- 
coolers should be placed at the point of maximum heat gen- 
eration in the absorber, rather than at the point where maxi- 
mum temperature would occur if intercoolers were not used. 
This point is frequently well below the center of the ab- 
sorber, and in some cases may be only three or four trays 
from the bottom. 


Heat-Load Considerations. 
1. Effect on Product Quality 


a. Relation between heat input and heat removal: In a given 
tower, the quality of the overhead and bottom products, from 
a feed of given composition and rate, is a function of: 1, the 
product rates as percent of the feed; 2, liquid downflow rate 
in the fractionating section; 3, stripping vapor rate in the 
stripping section; and, 4, the feed point. Liquid downflow 
rate in the fractionating section is roughly proportional to the 
reflux duty. The stripping vapor in the stripping section is 
approximately proportional to the reboiler heat input. A 
common practice is to set the feed temperature (heat con- 
tent) and reflux rate constant at values which will result in 
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a reflux duty and a reboiler duty of the general order of 
magnitude required for the separation. The reboiler duty is 
then adjusted manually or automatically to maintain the 
exact difference between heat input and output required to 
maintain the one, and only one, rate of products correspond- 
ing to the desired quality. In some cases the reboiler duty 
is set constant and the reflux rate raised. 

Although the reflux and reboiler duties usually can vary 
several percent without appreciably affecting product quality, 
the relation between heat input and heat output in Btu per 
hour, as expressed by heat content of feed plus reboiler duty 
minus reflux duty, must be maintained at an exact and pre- 
cise amount in order not to impair seriously the quality of 
products. This is a very small fraction of 1 percent of the 
reflux duty or reboiler duty. The maintenance of this ex- 
ceedingly precise relationship between heat input and heat 
output is the crux and essence of control, 

In general, increasing the overhead product rate as percent 
of the feed increases the percent of high-boiling impurity in 
the overhead product, and decreases the percent of low- 
boiling impurity in the bottoms product. . 

All of the foregoing is illustrated by the case of a debu- 
tanizer taking a butane-product overhead. The reflux rate is 
set for constant rate, and the feed temperature and com- 
position are constant. With reboiler duty at a given value, the 
butane product contains 1 percent of Cs, and the bottoms 
0,03 percent Cy. Assume now that the reboiler duty is in- 
creased slightly to increase the overhead rate about 1 percent 
without changing the reflux rate. As the tower is already 
taking out all but a trace of C, from the bottoms, the 1 per- 
cent increase in overhead rate must of necessity consist al- 
most entirely of Cs, which increases the Cs in the total over- 
head to 2 percent, while the C, in the bottoms will drop from 
its previous value of 0.03 percent to, say, 0.02 percent. Rou- 
tine analytical methods could hardly detect the change of 
C,in the bottoms, and it would probably be reported in both 
ases as 0 percent, or a trace. Assuming that the reflux’rate 
was six times the overhead-product rate, the change of 1 
percent in the latter corresponded to a change of 1 percent 
f 1/7=0.14 percent of the total vapor leaving the top of the 
tower, and a Btu-per-hour increase in condenser duty of 0.14 
percent. The increase in reboiler duty which caused this 
change in product quality was the same small amount in 
Btu per hour as the increase in condenser duty. However, if 
the reflux rate had been increased to maintain the same dif- 
ference between heat input and output, there would have 
been no appreciable change in product compositions. 

b. Change of reflux rate and reboiler duty at constant feed 
heat content and feed potnt: The heat removed by a given 
amount of pumped reflux depends upon its temperature in 
relation to tower-top temperature. In flooded condenser type 
f control, different degrees of subcooling can change the 
umount of heat which the reflux removes by 20 percent or 
more. This discussion is concerned primarily with the effect 
f{ variations in heat removed by reflux, a function of both 
rate and temperature of reflux. For convenience, it will be 
sssumed that the reflux temperature is not changed, so that 
the heat removed by reflux is proportional to its rate. 

For a feed of given composition and given heat content, 
the reflux rate’ and reboiler duty go up and down together. 
lf the tower is in balance, and additional heat is put in at 
the reboiler, it must be removed by pumping more reflux; or 
it the tower is in balance, and more reflux is pumped (re- 
moving more heat), the reboiler must supply the additional 
neat. 

The quality of both products from feed of given rate, com- 
position, and heat content will be increased for a given tower 
within limits fixed by the number of trays and by the maxi- 
mum load which the tower can carry efficiently, by increasing 
teflux rate (and corresponding -reboiler duty). There is a 
point above which the additional benefit will not compensate 
lor the additional utilities consumed. Before this point is 
teached, it is possible that flooding or a falling off in frac- 
tionating efficiency may occur as a result of overload on 
me or both sections of the tower. 

_ Maximum feed capacity for products of given quality calls 
lor maximum reflux rate (and reboiler duty) consistent with- 
out overloading either section of the tower to flooding point 
¢ to the point where efficiency begins to be impaired se- 
tlously. Feed rate can be still further increased if a sacrifice 
is made on the quality of one or both products. 

_ In cases where reflux is limited by condenser surface, foul- 
ing, or cooling-water temperature, and where there is surplus 
teboiler capacity, additional reflux can be obtained by rais- 
ing the tower pressure, provided the allowable mechanical 
design pressure of equipment is not exceeded. The increase 
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in tower pressure actually will require somewhat more re- 
boiler duty and reflux to make the same separation, but this 
may be more than compensated for by the increased reflux 
available at the higher pressure. 

In cases where the capacity of the reflux pump limits the 
amount of reflux, additional effective reflux inside the tower 
may be obtained by subcooling the reflux as much as pos- 
sible. However, as pointed out elsewhere, such subcooling 
reduces the fractionating efficiency of the top tray. Hence, 
the net result of subcooling may be beneficial or it may be 
harmful. 

c. Warm reflux: An improvement in the separation can some- 
times be obtained by using reflux having a temperature ap- 
proaching the top-tray temperature rather than by using a 
reflux well below its bubble point. In changing from a cold 
pump-back reflux to a warm pump-back reflux, the quantity 
being pumped will have to be somewhat increased so that 
the total cooling duty on the tower is kept the same. The in- 
creased external reflux, of course, does not increase the in- 
ternal reflux in the tower. Using cold reflux requires that 
some of the tray area be used to transfer heat to the reflux 
to bring it up to its boiling point. The area used for heating 
the reflux will give poor tray efficiencies, because the liquid 
on the trays will not be boiling. The net effect of using warm 
reflux is to increase the number of trays in the tower by the 
one or more that effect separation. : 


2. Controlling of Heat Loads 

It has been demonstrated by actual operation and tests of 
a depropanizer operating with feed of fairly uniform rate 
and composition that, when the tower is entirely on hand 
control, any two of the three items affecting heat, viz., feed 
temperature, reflux rate, and reboiler duty, can be set con- 
stant, and the tower controlled by adjustments of the third 
item to produce desired product quality. So far as the net 
results were concerned, it was immaterial, without regard to 
sensitivity, which of the three possible combinations was 
used. The reason for this is that the changes required for 
control are insignificant compared to the total reflux duty 
or reboiler duty. : 

Whereas frequently: in the past it has been common prac- 
tice to use the tower-top temperature or the temperature 
of the bottoms product leaving the system as a control point 
for automatically regulating the reboiler heating-medium rate 
or reflux rate, or as a guide point for manual resetting be- 
tween inspection of products, there is a growing tendency 
in close fractionation to use one of the tray temperatures 
for this purpose. Although the temperature of the bottoms 
product and the tower-top temperature (in the case of 
pumped reflux having the same compositigggas overhead) 
have the advantage of being a function of product composi- 
tion only and are not affected by changes of reflux rate or 
reboiler duty (only insofar as changes in these items affect 
quality), they have the serious disadvantage, in close frac- 
tionation, that the permissible variations in desired quality 
of products are too small to reflect corresponding changes 
in temperature at the top or bottom of the tower. However, 
these small changes in product quality are reflected in meas- 
urable changes in tray temperature in a certain region in 
the fractionating section and in the stripping section. Con- 
sequently, if heat is controlled to maintain a reasonably uni- 
form temperature in either of these two regions, the product 
quality will be maintained within narrow limits, provided 
two other things are not changed. These two tems are: 

In the section above the feed— 

Change in composition of feed which results in change 
in proportion. of light components in the overhead 
product. 

Change in ratio of rate of liquid downflow to rate of 
overhead product, . 

In the section below the feed— 

Change in composition of feed which results in change 
of proportion of heavy components in the bottoms prod- 
uct. 

Change in ratio of rate stripping vapor to rate of bot- 
toms product. 

On account of the possibility of such changes, it may be 
necessary to hold a. different temperature at different times 
at the point used for guide or control in order to make re- 
quired product quality. 

The choice of whether to use a tray temperature in the 
section of the tower above the feed or below the feed as a 
guide or control will depend, to some extent, on location of 
available thermo-wells. If suitable wells are available in both 
sections, it is considered more desirable to use that section 
from which a substantially pure product is taken off, or 
where there is least change in proportion of components in 
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the product other than the two between which separation is 
being made. The best region to use in a given section is the 
one in which there is the most change per tray in the percent 
of the component which, for the upper section, is the high- 
boiling impurity and, in the lower section, is the low-boiling 
impurity. It is not possible to generalize as to which tray 
temperature provides the best indication of product quality, 
except to say that it is probably in the middle third of the 
upper section or middle third of the lower section. This can 
be established by tray calculations or by experimental trial. 
On account of time lag, it may not be possible to locate a 
temperature controller at the optimum point as possible con- 
sistent with time lag, while the temperature at the optimum 
plant is watched as a guide for resetting the temperature 
controller. 

In controlling a tower, adjustments are only made either 
manually or automatically by instruments, after indications 
appear that the control point has deviated from the norm. 
Then the operator or the instrument moves to correct the 
condition, and the tendency is to over-correct—tending to 
throw products off specification in the other direction. The 
net result is a weaving of product quality: In order to obviate 
over-correction, such changes should be made by a series of 
small increments of at least one-half-hour intervals. In most 
cases, longer intervals are necessary. Changes should be kept 
as small as possible to avoid flooding. The less frequently 
such corrections are required, the more uniform will be 
product quality; also, it will be possible to hold impurities 
in both products to smaller percentages. A tower can have 
many times the trays, reflux duty, and reboiler duty to make 
a given separation; but, if control is defective, one of the 
products will contain excessive impurities while the other 
product is purer than necessary. 


‘Feed Consideration 
1. Feed Rate and Composition 

As a corollary of the foregoing, it follows that, for the 
maximum uniformity in quality of the two products, and also 
for maintaining a very small percent impurity in the two 
products, constant conditions that will not need frequent 
correction are required. It has been pointed out that a change 
in heat output or input in the order of a fraction of 1 per- 
cent will, if not corrected, result in an incorrect ratio of over- 
head to bottoms product, greatly increasing the impurity of 
one of the two products. In practice, such changes may 
occur as a result of changes in temperature of reflux, feed, or 
reboiler heating medium (if gasoil) even though all rates 
are constant. In addition, changes of feed composition which 
necessitate changes in ratio of overhead to bottoms product 
require heat adjustment, and may also affect tray tempera- 
tures used for controlling product purity. It has been found 
necessary, in some cases, to provide adequate surge capacity 
in the feed to a tower (particularly the first of a number of 
towers in series), in order to obtain reasonably constant feed 
rate and to smooth out variations in composition. 

In a series of towers, removing propanes, then butanes, 
and then isopentane from gasoline, it is necessary that the de- 
propanizer maintain a reasonably constant ratio of C; to C. 
in the bottoms in order that tray temperatures used for guide 
or control in the upper section of the debutanizer will not 
be affected by a varying amount of C;. Unless the debutanizer 
holds a very constant ratio of C, to tso-Cs in the bottoms, 
the temperature in the upper section of the detsopentanizer 
will be affected by varying quantities of Cs. As it is difficult 
to control the debutanizer in this way, the next best thing 
is to operate it for almost perfect debutanization by keeping 
a little Cs in the overhead. In this way, there will be prac- 
tically no C, in the isopentane product of the deisopentanizer. 


2. Feed Point 

There is an optimum feed point for obtaining, with the 
least amount of reboiler duty and reflux duty, the desired 
yield and quality of a product from a feed of given composi- 
tion and percent vaporization. There is another, and perhaps 
different, optimum feed point for obtaining, with a given re- 
boiler and reflux duty, the maximum yield of a product of 
specified quality. The optimum feed point varies with com- 
position and percent vaporization of the feed. It is advisable 
to determine the optimum feed connection by actual trial 
of all those available, under normal operating conditions. If 
there is a major change in operation condition such as com- 
position or vaporization of feed, or in ratio of reboiler duty 
or reflux to feed, it is advisable to reestablish the best feed 
connection for the new conditions by experimental trial. In 
some cases, changing feed connections will be beneficial. In 
other cases, it will make no noticeable difference. 
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When producing an overhead specification product such as 
isobutane or isopentane of satisfactory quality but with sub- 
stantial losses in the bottoms, it may be possible to increase 
the yield of product by merely raising the feed point. On 
the other hand, when producing a bottom specification prod- 
uct, such as butane, of satisfactory quality but with sub- 
stantial loss in the overhead, it may be possible to increase 
the yield of product by merely lowering the feed point. 


3. Heat Content of Feed 

Usually the feed to a tower is partly vaporized, in which 
case increasing feed preheat results in increased vaporization, 
whereas a reduction of feed preheat results in decreased va- 
porization. The addition of heat is invariably accompanied 
by a temperature rise of the feed—although, as pointed out 
elsewhere, the rise may be so small in the case of a partly 
vaporized and extremely close-boiling feed that it is not a 
sensitive indication of heat content. 

The effect of changing the heat content of a given feed 
cannot be separated from the resulting change of reboiler 
duty, or reflux rate. When the feed heat content is increased, 
the additional heat put into the system must be balanced 
out, either by pumping more reflux, by reducing the reboiler 
duty, or by a combination of the two. If the tower is on auto- 
matic control, the first immediate effect of changing feed 
preheat will depend upon the type of control system. Most 
present-day controls are one or _the-other_of_two general 
classes, viz.: 


Maintained Automatically 

Constant Varied 
General type No. 1...... Reflux rate Reboiler 
General type No. 2...... Reboiler Reflux rate 


The first immediate effect of increasing feed heat content 
with type No. 1 automatic system is to decrease the reboiler 
duty by a corresponding amount of heat. Decreasing the 
feed heat content increases the reboiler duty by the same 
amount while the reflux rate remains constant. After this 
first effect, the reflux can, of course, be reset for a different 
rate, if desired, to bring the reboiler back to its original duty 
or to anywhere in between.. 

With type No. 2 automatic system, an increase in feed 
heat content first increases the pumped reflux rate. Decreas- 
ing the feed heat content reduces the reflux rate while the 
reboiler duty remains constant. However, after this first 
effect, the reboiler may be manually reset, if desired, to bring 
the reflux rate to its original value, or anywhere in between. 

The same net result on reboiler duty and reflux rate may 
be attained with either of the automatic systems if additional 
manual adjustment be made. The effect of changing heat 
content of feed will, therefore, be described in terms of 
changes in reboiler duty and reflux rate—these changes bear- 
ing the relation that, if one is changed in one direction, the 
other is always changéd a like amount in the other direc- 
tion from a heat standpoint. 

It has previously been mentioned that it may be beneficial 
to change the feed point if there is a major change in the 
percent vaporization of the feed. In general, the feed point 
would be lowered as the percent vaporization (and tempera- 
ture of feed) increases. 

It may be generalized that, within limits, an increase of 
feed preheat at constant reboiler duty (which results in more 
reflux), or a decrease of feed preheat at constant reflux 
(which increases reboiler duty), will be beneficial to frac- 
tionation. In the first instance, the major benefit is keeping 
heavy ends out of the overhead, and in the second instance 
the major benefit is stripping light ends out of the bottoms. 

If it is desired to reduce reboiler duty, say to avoid over- 
loading the stripping trays, it may be possible to obtain the 
same fractionation by increasing the heat content of the feed 
somewhat more than the reduction in heat duty of the re- 
boiler, and pumping more reflux. 

If the reflux condenser fouls, seriously reducing the rate 
of pumped reflux, it may be partly compensated for by re 
ducing the feed temperature to maintain reboiler -duty at 
normal value, or somewhat higher. It is worth trying as 4 
temporary expedient until the condenser can be cleaned. 

If the reboiler duty falls off due to fouling or other causes, 
it may be possible to compensate in part for this by increas- 
ing the feed preheat to the point where the normal rate of 
reflux, or higher, can be pumped. 

In operating a tower for the maximum feed rate, it is de- 
sirable to operate both sections of the tower at maximum 
loading short of flooding or serious impairment of efficiency. 
The same procedure will also be desirable for obtaining 
maximum yield of one product of given quality, or for max! 
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mum quality of both products, provided a point is not reached 
before maximum loading where the additional .benefits do 
not compensate for the additional expenditure of heat. If the 
feed preheat can be varied, some degree of variation in the 
loading of each section is afforded in accordance with the 
load which each section will take. 

Variation of feed preheat also permits determining, sep- 
arately for each section, the load which causes flooding at a 
given feed rate. A procedure for this is outlined in the fol- 
lowing paragraphs. 

First, the load in the lower section which will cause flood- 
ing is determined by increasing reflux rate (which calls for 
increased reboiler duty) while feed preheat is maintained con- 
stant at the lowest possible value. When flooding occurs, 
the reflux is backed off just enough to bring the tower out 
of flooding. The reboiler duty is now as high as it can be 
operated for the amount of bottoms being made without 
causing flooding due to overloading the lower section. If 
the feed rate were to be increased, resulting in more bot- 
toms, then the reboiler duty would have to be cut in order 
to prevent flooding. 

The flooding capacity, or maximum possible load consist- 
ent with good efficiency of the upper section, will now be 
established. In so doing, caution must be exercised so that 
the maximum reboiler duty already established for the lower 
section is not exceeded. This calls either for a meter on the 
reboiler heating medium, or else a meter on the feed-preheat- 
ing medium which will permit calculation of the change in 
reboiler duty corresponding to different amounts of feed pre- 
heat and reflux rate. The reflux rate is now cut back still 
further to avoid operating the reboiler above its allowable 
duty while the upper section of the tower is loaded up. Feed 
preheat is increased in small increments, the additional heat 
being taken out in each step by pumping more reflux. This 
is continued as far as auxiliaries will permit, until flooding 
results from overloading the upper section, or until frac- 
tionating efficiency falls off due to overload, As a last step, 
the reflux may be increased holding feed heat constant to 
bring the reboiler up to its maximum allowable duty for the 
lower section. If this is done, then the upper section is operat- 
ing with maximum reflux for the amount of overhead product 
involved consistent with good operation, and the lower sec- 
tion is operating with the maximum reboiler duty for the 
amount of bottoms involved. However, if the feed rate is in- 
creased, the tower will flood at this reflux rate and reboiler 
duty, and it will be necessary to back off in order to avoid 
flooding. 

It follows that a higher average feed rate can be obtained 
from one of constant rate than from one of fluctuating rate 
when a tower is being operated close to flooding condition. 
It also follows that any changes made while establishing 
flooding or in operating near flooding should be made in very 
small increments. In establishing flooding loads, there should 
be a time interval of several hours between changes, and a 
tower should operate 24 hours at what is considered maxi- 
mum loads to make sure that small changes incidental to 
normal operation do not cause flooding. 

As in the case of cold pump-back reflux, too cold a feed 
temperature cools off a tray or so at the feed point, so that 
the liquid will not be in equilibrium with the vapor. If the 
teed is charged warm enough to produce a smooth tempera- 
ture gradient down the tower, the overall tray efficiency will 
be increased. 


Optimum Pressure 

\s pressure is increased in a tower operating to produce a 
given separation, the vapor load can be increased, still main- 
taining the same tray efficiency. Opposing this effect is a de- 
crease in volatility ratios of the various components with the 
resulting increase in required reflux quantity to effect the 
given separation. Consequently, for each tower making a 
given separation with a given feed stock, there is a pressure 
at which the tower should be operated to handle the maxi- 
mum quantity. Conversely, at a certain fixed feed rate, there 
is an optimum pressure that will give the most efficient sep- 
aration, Of course, due to reboiler or, principally, due to con- 
denser limitations, the optimum pressure sometimes cannot 
be attained. 

One company found from calculations that an 80-tray 
deis opentanizer tower charging debutanized natural gasoline, 
containing 50 percent by volume of pentanes and producing 
95 percent pure isopentane overhead at 95 percent tsopentane 
recovery, could be charged at the highest rate at 43 psia. 
Another company found, for three of its existing towers 
when charging an tsopentane-mpentane mixture and produc- 
‘ng an overhead of 85 percent isopentane or higher and a bot- 
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toms of 5 percent tsopentane, that 30 psia or lower, was opti- 
mum. The optimum pressure did not appear to be the same 
for each of the towers which had different numbers of trays. 
The tower with the lowest number of trays appeared to 
have a lower optimum pressure than the other towers. A sim- 
ilar investigation by. a third company on a detsobutanizer 
tower of 50 plates charging crude alkylate, and producing 81.7 
mole percent isobutane in the overhead and 1.9 mole percent 
i-C, in the bottoms, showed that the optimum pressure for 
maximum charge rate was 108 psia. 

In the cases that have been investigated where the data 
are available, it appears that the optimum pressure occurs 
in the range where the condenser may limit the capacity 
rather than the tower size. If this be the case for other types 
of separations, it would be economical to run the tower at 
different pressures according to the seasonal variations in 
cooling-water temperature. In the colder months, the opti- 
mum pressure could either be attained or approached more 
closely than in the warmer months. With this scheme of 
operation, an improved fractionation or increased capacity 
could be attained during part of the year rather than being 
limited the year-round by the pressure that has to be used 
during the hot months, 

Instead of seasonably changing the operating pressure in 
a tower, in some cases it might be preferable to operate the 
tower at the same pressure throughout the year. This pres- 
sure, however, would be as close to the optimum as possible 
as determined by the overall yearly yields and_ purities of 
the desired products and by equipment limitations. Under 
this scheme, the sharpness of separation would be season- 
ably varied to permit tower operation near the optimum 
pressure, in the summer the fractionation being poorer than 
in the winter. 


Towers in Parallel 


In the case where two towers are operating in parallel, 
each taking a part of the same feed and producing a com- 
bined product of given specification and yield, it may hap- 
pen that one tower has more trays than the other, and each 
tower may have different operating characteristics in regard 
to the increase of reflux per barrel of feed to increase of 
product purity. The tower with fewer trays may be operating 
so that a much larger change in reflux per barrel of feed is 
required for a given change in product purity than is the 
tower with more trays. A higher combined feed rate may 
be possible when operating the former to produce a'product 
of less than specification purity, and the latter to produce 
a product of highe: than specification purity, than can be ob- 
tained by operating both towers to make the same specifica- 
tion product. The tower which is making under-specification 
product is charged with a higher proportion of the total feed 
than when both towers are making specification products. 
Also, this same procedure can be used if the two towers have 
the same number of trays but different tower diameters. The 
smaller tower would be charged at a rate to produce a slop- 
pier cut than the larger tower produces. 


Absorption Systems 

In absorbers operating for recovery of butane and heavier, 
the butane absorption increases with oil circulation up to a . 
point beyond which very little additional butane is absorbed, 
but a considerable amount of propane and lighter continues 
to be absorbed. This must be stripped out of the rich oil and 
eliminated from the system by one means or another. The 
net result, in some cases, of circulating more than the mini- 
mum critical amount of oil is to reduce the overall butane re- 
covery due to losses associated with elimination of the addi- 
tional propane and lighter which was absorbed, or reduction 
of capacity. 

The gas capacity of absorbers may. be increased, or the 
oil circulation reduced for given capacity, by using an absorb- 
ing oil which has the lowest viscosity and the lowest molec- 
ular weight for the vapor-pressure requirements. 


Typical Control Systems 
_ In the operation of fractionating columns, the problem of 
control is one that must be given considerable study, as a 
fractionating column can operate with efficiency only with 
good control. Figure 9 through 12 show a number of stand- 
ard methods of control. It is not the purpose of this paper 
to give all the possible methods of control, but only some 
of those in common use. Also, it is not intended that these 
control setups be taken necessarily as the proper combina- 
tion for any one setup. For instance, the type of control sys- 
tem shown in Figure 10 for kettle control might be combined 
with the system shown in Figure 11 for pressure control, 
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and other combinations might be worked out to meet the’ trol shown in Figure 12, either with or without a pressure fac 
specific problems of any given setup. controller E and motor valve No. 8, would be applicable. the 
Figure 9 shows a typical instrumentation used in a frac- In Figure 9, if it is not desired to produce liquid overhead co 
tionating column producing constant-vapor-pressure bottoms. product, liquid-level controller B can be connected to motor in 
The vapor pressure of the bottoms is defined by the tempera- valve No. 6 in the water line to the reflux condenser, so that tra 
: ture and pressure in the kettle. Therefore, it is desirable that only sufficient condensation takes place to produce the de- eff 
: the pressure tap for control be taken from the kettle. As the sired reflux, the overhead product passing off as vapor | 
through valve No. 5 m; 
; The control problems for columns making a substantially op 
4 re pure overhead product are somewhat different. Under this ref 
4 condition the overhead-product composition is fixed, and po 
4 the bottoms product must vary as the feed composition col 
varies. Therefore, a definite bottoms temperature with a con- sta 
y stant pressure cannot be maintained. Under -this condition, ch: 
t a constant column pressure can be maintained and the controls sult 
arranged so that the bottom temperature may vary to accom- tul 
modate variations of feed. Figure 10 shows one method ac- in 
complishing this result. Temperature controller C has its det 
bulb located in the column between the feed and the bottom ; 
at the point well within a good break in the temperature 
@ gradient. Reference to Figure 5 will show this point more P, 
clearly: As this is a point of definite composition in the col- 4 
5 umn, the pressure control should be taken from this point or a 
EXCHANGER very close to this point. The type of pressure control shown = 
< in Figure 10 is satisfactory and very sensitive where the rate “ia 
1 of liquid withdrawal through valve No. 4 is greater than ap- ve 
a proximately one-eighth of the reflux pumped back over the ss 
| fs ok top of the column. lf the liquid withdrawal through valve = 
aig ALCUMUL ATOR. No. 4 is very small with respect to the amount of reflux, this te 
f ! pOrge = BRUM type of control becomes very insensitive, and relatively very flu 
( o - “et , ; — ' ; ie 
- | i large variations of pressure may result. Under these condi- P 
Ch----} -— @ tions the type of control for pressure shown in Figure 12 
| RE BOILER is preferable. ( 
po a) | + Figure 11 shows a kettle controlled by the temperature : 
O TOWER Fm Tear taken within the break point in the temperature gradient be- sel 
tween the top of the column and the feed. This type of con- poi 
ar trol is very satisfactory provided there are not too many qui 
D — trays between the point of temperature control and the ket- of 
tle; otherwise, the lag between the control point and the pet 
FIGURE 9 point of heat application is large, requiring a large throttling qui 
range on the temperature controller to prevent hunting. This va] 
Tower Control Systems causes the control to lack sensitivity, and it will wander far sh 
from the control point due to changes in feed rate and feed 
composition of the bottoms is defined, the composition of | composition 
the overhead must vary to accommodate variations in feed 
composition. To allow this condition to take place, no at- - 
tempt is made to control the column-top temperature > 
or . . Prec 
Che reflux is controlled by a flow-rate controller. The bot- AY poone---—----f----- a 
toms product is controlled by a liquid-level controller with | ! 
a motor valve in the outgoing fluid line. If the bottoms prod- A >@ 
uct from the column is used to heat the feed by means of | | (7 \ conpensee 
exchangers, it is necessary that the streams be maintained 1 LQ 
as nearly constant in rate as possible in order not to vary | ‘y ies 
the heat input to the feed. Referring to Figure 9, which shows i | 
such an arrangement, it is usually advisable to use a valve ' 
positioner in valve No. 7 with a sensitive-type liquid-level | 5 
controller A. Should the column be operating without a heat > t 
exchanger and feeding directly into another column, it is ad- te i 
visable that the same precautions be taken, on the liquid-level | 
controller and motor valve as outlined previously. ; TZ 
It is generally considered good practice to put the motor ® nme [ 
valve controlling the flow of bottoms from the column on ~* 
the downstream side of the heat exchangers and the motor ‘ }-- ‘i a 
valve on flow-rate controllers on the downstream side of the a — | —= 
orifice | Pome neat 
Motor valve No. 3 controlling the heating medium to the er tx? -~ DRUM 
reboiler operated by the temperature controller C should be v peewee ot * 
made as nearly frictionless as possible through the use of a FRC Or7 = 
valve positioner. In a number of cases the preference is to C--- rol /ReBoiLeR i 
use flow-rate controllers operating the motor valves, the ; | 
flow-rate controllers being reset by the liquid-level controller conbeayfpond {_D" t= == 
or the temperature controller. Even if flow-rate controllers ” TOWES — 
are used, better operation is obtained by the use of valve 
positioners as well st™. TRAP 
It will be noted that in all these illustrations the feed to 
the column is shown as being controlled by a flow-rate con- FIGURE 10 
troller F actuating motor valve No. 1. Such a setup is usually ; ; 4 F 
desirable but often, due to other plant conditions, this type Fractionating Column Producing Pure Product Overhead. Overhea 
of feed-rate control is not applicable. However, in order to Totally Condensed. Case 1. 
operate a column at high capacity and with high efficiency, 
it is necessary that the feed rate be maintained essentially The type of pressure control shown in Figure 11 depends is | 
constant on flooding the reflux condenser so that only sufficient sur- at 
In Figure 9, if substantially all of the net overhead is con- face is exposed to vapor condensation to give the desired in 
densed and withdrawn through valve No. 4 (operated by rate of condensation. This method of control is subject to the col 
liquid-level controller B), and a very small amount of fixed same comments as given for the pressure-control system per 
gas is released through valve No. 5, poor pressure control shown in Figure 10. This control system is also subject to sen 
will result. If this condition exists, the type of pressure con- the further criticism that, if there is considerable excess sur- for 
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face in the reflux condenser and water temperatures are low, 
the reflux going back to the column will be substantially sub- 
cooled. This will result in converting some of the top trays 
in the column from. fractionating trays to heat-exchange 
trays, with the overall result of reducing the total number of 
effective trays in the column, 

Figure 12 shows a control system where no attempt is 
made to control the kettle temperature. This column is shown 
operating with a constant heat input to the kettle, and the 
reflux quantity is controlled by the temperature at the break 
point of the temperature gradient in the top part of the 
column. This type of control maintains a substantially con- 
stant vapor rate through the column, irrespective of normal 
changes of feed rate and feed composition. The type of pres- 
sure control shown in Figure 12 is applicable to shell-and- 
tube type reflux condensers, and also to atmospheric sections 
in a cooling tower or submerged sections in a box-type con- 
denser. 

The main column pressure control operates valve No, 9 in 
the vapor line between the column and the reflux condenser. 
Pressure controller E, operating valve No. 8, is used to main- 
tain a pressure a few pounds below the column operating 
pressure in the reflux accumulator. By bypassing hot vapors 
from the top of the column into this accumulator, the tem- 
peratures of this accumulator will be raised above the tem- 
perature of the liquid coming from the reflux condenser. By 
maintaining the pressure in the reflux accumulator constant, 
a constant differential pressure is maintained across the re- 
flux pump, thereby giving far more stable operation to this 
piece of equipment. 





General Principles in Selecting Proper Control System 
There are certain general principles to be kept in mind in 
selecting the proper method of control of any process. This 
point of control should be selected at a point where the 
quantity of material handled is large, or where the change 
of temperature is large with respect to the change of tem- 
peratures at other points. An example of control where 
quantities are large will be the use of a motor valve in the 
vapor line between the column and the reflux condenser, as 
shown in Figure 12. A case where the change in magnitude 
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FIGURE 11 


Fractionating Column Producing Pure Product Overhead. Overhead 
Totally Condensed. Case Il. 


is large at one point with respect to the change in magnitude 
at another point is taken advantage of in the control shown 
in Figure 12 for the temperature in the top part of the 
column.’ If the point of control is properly selected, tem- 
perature change at this point of 5 degrees will only repre- 
sent possibly half-a-degree change at the column top. There- 
lore, the sensitivity of control is greatly improved. Instru- 
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ments should be so selected and located that their speed of 
response is at least equal to the rate of change of feed com- 
positions or feed rates. The water temperature to reflux con- 
densers, steam pressure, or heating-medium temperature is 
always subject to some variation. In order to get proper con- 
trol of the column, the instruments must be so adjusted that 
they will keep in step with these rates of changes of the 
utilities. 
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FIGURE 12 


Fractionating Column Producing Pure Product Overhead. Overhead 
Totally Condensed. Case Ill. 


If the response of the instruments is too rapid, cycling con- 
ditions will result. These cycling conditions are due to lags. 

One type of lag is that due to inertia of a large body of 
liquid passing through the system. If there is a long line 
full of liquid traveling at a relatively high velocity, and if 
an attempt is made to throttle this liquid, the inertia of this 
liquid will tend to maintain a constant velocity even with 
considerable throttling. Finally, the velocity is checked and 
the motor valve is closed beyond the point at which proper 
flow normally could be obtained, resulting in overshooting 
the mark, 

The other type of lag which is encountered is temperature 
ag. In a column there is a large amount of metal as well as 
liquid that has a relatively high heat capacity. When any 
change of temperature occurs, the liquid and the metal must 
be readjusted to the new temperature condition. If the re- 
sponse of the instrument is too fast, over-control will result, 
and the system will start and continue to surge. In a great 
many processes, due to variations of cooling-water tempera- 
ture and other causes, feed composition will vary from time 
to time, If instrument response is too slow, these feed- 
composition changes can produce surging and unstalWe opera- 
tion throughout the process. 


Steam Traps 

There are a number of types of setups to remove steam 
condensate from the tube bundles and kettles or other heat- 
ing equipment. The methods in most common use are steam 
traps, continuous drains, or pots with liquid-level controllers. 
All methods give satisfactory operation if certain precautions 
are taken. The inverted bucket-type trap will remove from 
the system all fixed gas that may enter with the steam. A 
steam trap, if not properly installed, will produce a tem- 
perature fluctuation each time the trap dumps. This is usually 
caused by the trap not being set sufficiently below the tube 
bundle, and by the condensate line from the tube bundle to 
the trap being too’smal], The use of a pot with a liquid-level 
controller or a continuous drain will give smooth operation, 
but may cause trouble due to gas binding in the tube bundle. 
This can be overcome by installing a small line from the top 
of the condensate pot to the condensate line bypassing the 
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motor valve. If a small amount of steam is. continuously 
withdrawn through this bypass, fixed gas will be removed 
continuously from the system. 


CHANGES OUTSIDE TOWERS 
Reboiler Trouble 
1. Small Rebotler Surface 


Frequently the reboiler surface is too small for the re- 
quired load. There are several methods that have been used 
to increase the load on the reboiler when the temperature of 
the heating medium cannot be increased: 

a, If a thermo-syphon reboiler takes liquid from the bottom 
of the tower, in some cases it is possible to rearrange the 
piping so that the reboiler receives liquid from the bottom 
tray. [This scheme reduces somewhat the temperatures of 
the heated side. 

b. Reduce the pressure in the tower as far as possible. 

c. Increasing the amount of vaporization of the charge will 
take load off the reboiler. The effect of this on the tower 
operation is discussed elsewhere. 

d. One company injects water into the heated-medium 
stream going to a reboiler in order to reduce the partial 
pressure of the hydrocarbon, thereby reducing the inlet 
and outlet temperatures of the reboiler by 50 to 70 degrees 
in some cases. In the case of debutanizers and also depro- 
panizers, when producing 400-end-point bottoms product, 
the injected water will all condense on the bottom tray. 
Inasmuch as any corrosive compounds contained in the 
bottoms product will dissolve in the water, the water must 
be withdrawn continually and fresh water reinjected. A part 
of the water may be recirculated. Provision for combating 
corrosion will have to be resorted to in some cases. This 
process is protected by U. S. Patent 2,325,839, issued to 
Eastman and Scoville, assignors to The Texas Company. 


2. Vapor Binding 

There are two ways in which a reboiler can become vapor- 
bound with a resulting marked decrease in reboiler load. The 
most serious type of vapor binding is that on the surface of 
the tubes exposed to the heated medium. This is brought 
about ‘by using a heating medium too high in temperature, 
causing such a rapid heating and vaporization of the heated 
material that a continuous film of vapor is formed on the 
tubes which effectively decreases the overall transfer rate. 
This phenomenon occurs when the heat density is higher 
than about 20,000 to 24,000 Btu per hour per square foot. If 
the heat density is well above this figure, the resulting transfer 
rate will be low and the reboiler will operate without surging. 
However, if the reboiler is near the vapor-binding condition, 
it may surge, as the transfer rate will vary depending on the 
amount of vapor binding in different sections of the reboiler. 
The surging will be evident by fluctuating reboiler outlet tem- 
perature. The temperature will continually dip below the re- 
quired outlet temperature, This condition can be eliminated 
by decreasing the mean temperature difference by lowering 
the heating-medium temperature to the point where the surg- 
ing stops. 

Vapor binding in the heating medium can be caused by the 
presence of air or non-condensable gases which reduce the 
transfer rate appreciably. With hot-oil heating medium, vent 
valves should be provided so that the gases may be vented. 
With steam, the trap or condensate-control valve may be by- 
passed to purge the steam chamber, or a continual small bleed 
stream of vapors from the chamber can be provided. Non- 
condensable gases frequently are found in steam systems re- 
sulting from the water-treating methods used. Also, air some- 
times is drawn into the reboiler steam chamber through the 
condensate trap if the condensing pressure is close to atmos- 
pheric pressure. The trap will not operate properly under 
these conditions. If this is the case, the condensate piping can 
be so arranged that the bottom tubes are kept flooded with 
water, thereby blanketing these tubes. The consequent effec- 
tive reduction in reboiler surface will raise the condensing 
temperature and pressure of the steam automatically. In order 
to transfer the same amount of heat, a greater temperature 
difference will be required to make up for the effective decrease 
in reboiler surface. Another type of vapor binding in hot-oil 
heating systems is brought about by flashing some of the hot 
oil, on passing through the control valve, upstream to the re- 
boiler. These vapors effectively lower the transfer rate which, 
in most cases, will cause fluctuations of reboiler operation. 
Increasing the oil pressure at the outlet of the reboiler or 
moving the control valve to the outlet side of the reboiler 
will eliminate the difficulty. 
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3. Surging 

The reboiler construction may cause surging. Too close 
tube spacing in kettle-type reboilers or horizontal thermo- 
syphon reboilers will not allow smooth vapor flow. Improper 
baffle construction also will cause vapor surging in these 
types of reboilers. In most of these cases some tubes or 
baffles may be removed without harming the overall transfer 
rates. Also, in some horizontal reboilers, sufficient vapor 
space is not present above the tubes, and surging will occur. 
Increasing this space or providing larger outlet nozzles will 
eliminate difficulty. 
4. Pressure Drop 

Another possiblé source of trouble with thermo-syphon 
reboilers is too small inlet and outlet lines or top high pres- 
sure drop through the reboiler, causing liquid to back up to 
the bottom tray. This trouble may be eliminated by increas- 
ing the line sizes or by removing the bottom tray to allow 
more available head to the reboiler. Also, in horizontal ‘re- 
boilers with tubes too close to the inlet a restriction to flow is 
present. Removing several tubes will eliminate this difficulty. 


Line Sizes and Vapor Binding 

1. Vapor Overhead Lines 
Excessive pressure drop in the overhead vapor line between 

the top of tower and the reflux condenser has two harmful 

effects: 

a. It causes the pressure difference between the pressure- 
control point on the tower and the condenser to vary ap- 
preciably with changes in the amount of vapor flowing 
through the overhead vapor line. Each time this occurs, 
the automatic pressure controller must readjust itself, 
which tends to make pressure control uneven—giving un- 
desirable surges within the tower, which also upsets tem- 
perature control. 

b. It necessitates operating with a lower condenser pressure 
which, in turn, requires more condenser surface or more 
or colder cooling water. Tower systems have been known 
to be bottlenecked solely by excessive pressure drop in the 
overhead vapor line, which introduced an wumnnecessary 
temperature spread between the reboiler and the con- 
denser. The excessive pressure drop in the overhead line 
may be due to small line size, or to a pressure-control 
valve in the line taking too much pressure drop. The 
remedy is obvious. 

2. Reboiler Lines 
If the tower nozzle and the lines feeding liquid from tower 

to reboiler are too small, or if the vapor return line between 
reboiler and tower is too small, the result may be tower 
flooding, or a limitation of reboiler duty due to an increase 
in reboiler outlet temperature caused by the bypassing, around 
the reboiler, of some liquid from the bottom tray. 

Fouling on the cold side of the reboiler will produce the 
same result in certain types of reboilers; hence, it must be 
established whether such troubles are caused by insufficient 
line capacity or by fouling of the reboiler. In many cases, 
fouling can be detected by a poor heat-transfer rate on the 
reboiler. When flooding occurs due to reboiler trouble, the 
tower starts filling with liquid from the bottom up, and it 
may be possible to detect this condition by a comparison of 
pressure drop across various trays, as obtained from gauge 
glasses or other means. 

3. Water Lines 

Condensing capacity and reflux may be bottlenecked by 
inability to get enough through the condenser due to the 
water lines being too small for the amount of available pres- 
sure on the water, 

4. Control-Valve Sizes 

Control valves which are too small may introduce excessive 
and unnecessary pressure drop through lines which, in some 
cases, imposes limitations on tower performance. However, if 
the control valve is too large, poor control will result. Tem- 
perature-control valves should be sized most carefully. In 
general, the control-valve pressure drop should be a minimum 
of 20 percent of the total pressure drop in the system. 


Condenser Arrangement 

In cases where there is series flow through the hot side, the 
cold side, or both sides of condenser sections, excessive pres- 
sure drop may occur—causing a limitation in condenser 
capacity. This might result due to necessity for operating at 4 
lower pressure, or to inability to get sufficient water through 
the condenser. The capacity of the condenser may be 1n- 
creased by rearranging the sections for parallel flow on the 
side where pressure drop is excessive. 

In condensing a liquid where little change in temperature 
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is involved, as in the case of pure components, or a mixture 
of very close-boiling components, internal baffling on the hot 
side of the condenser is not necessary. If there are closely 
spaced internal baffles, the pressure drop through the hot side 
of the condenser may be reduced by respacing the baffles as 
far apart as is consistent with the tube supports. 


Operating Changes 

1. Bypassing Vapors Around Tower 

At times it is possible to increase the apparent capacity of 
a fractionating column by flashing the feed and bypassing the 
vaporized portion around the column, thereby relieving the 
load on the fractionating equipment. This has been success- 
fully accomplished in re-running alkylate. It has been found 
that, if approximately 50 percent of the alkylate is flashed off 
prior to entering the fractionating column, the alkylate pro- 
duced will have the same characteristics as if all the alkylate 
had passed through the fractionating column. As this alkylate 
has a very narrow boiling range, it is practically impossible to 
control the percentage of vaporization by temperature. 
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FIGURE 13 
System for Increasing Fractionation Capacity—Bypassing Vapors 
Around Tower. ' 


Figure 13, shows the method of accomplishing this con- 
trolled vaporization. The unvaporized feed enters the flash 
chamber through flow rate controller A. The vapors leave the 
flash chamber, pass through the flow controller B which is 
reset by flow controller A. Flow controller B operates motor 
valve No. 1 in the heating medium to the flash chamber. Pres- 
sure controller C maintains a constant pressure on the flash 
chamber by controlling motor valve No. 2 in the vapor line 
between the flash chamber and the vapor line from the top of 
the column. Liquid-level controller D, operating motor valve 
No. 3, withdraws the unvaporized portion of the feed through 
the preheater into the column. 

There are a number of cases where, due to the heavy nature 
of the base stock, substantial vaporization can be taken on 
column feeds without materially affecting the purity of the 
column overhead product. This method of vaporization also 
can be used to advantage on a narrow-boiling-range feed stock 
to a column where it is desired to maintain a constant per- 
centage of feed vaporization. 


2. Rearranging Order of Fractionation 

The overall capacity of a system of fractionating towers 
often can be increased by changing the order of fractionation, 
taking advantage cf variations in size of this equipment to 
produce the desired cuts. 


3. Taking Side Cuts . 

In a number of instances where the overhead product from 
a column passes into other columns for further fractionation, 
it often is possible to reduce materially the quantity of bottom 
products from the second column by taking a side stream from 
the preceding column. This side stream can be withdrawn at 
a point in the column and at such a rate that, when it is com- 





bined with the bottoms product from the second, the amount 
of light overhead product in the resultant stream does not 
materialy exceed the normal content of this product in the 
bottoms from the second column when not withdrawing a side 
stream. Also, this side-stream product must not contain a suf- 
ficient quantity of the next heavier component to damage the 
bottoms product from the second column. By taking a side 
stream from the first column, the kettle temperature in the 
succeeding column will be reduced—thereby greatly increas- 
ing the effectiveness of the reboiler, both from a heat-input 
standpoint and from a stripping-duty standpoint. The strip- 
ping duty is principally reduced by reducing the quantity of 
bottoms product from the second column. 

The principle may be applied in much the same way when 
the bottoms from a column receives further fractionation in a 
second column, in which case the side stream from the first 
column would be combined with the overhead from the sec- 
ond column. Additional reboiler capacity thus is made avail- 
able in the second column. The amount of additional capacity 
is that formerly required to vaporize the fraction withdrawn 
as a side stream from the first column. 

A side stream often is useful in an existing fractionation 
system when it becomes necessary to make sharp cuts on both 
ends of a column operating at an excessive ‘rate. The side 
stream is used in this instance as a slop cut. 


4. Feed Conditions 

As pointed out previously herein, the conditions of the feed, 
i. €., its proper temperature, perceni vaporization, and feed 
introduction into a column, can have considerable effect on the 
overall tower capacity and efficiency. Therefore, this problem 
should be given serious study before deciding that equipment 
is too small or has reached its limit of fractionating efficiency. 

In a number of cases, one column is fed with two materials 
of substantially different composition. By introducing these 
two streams separately into the column, and under proper 
conditions of temperature and vaporization for the points of 
feed introduction, additional capacity and fractionating effi- 
ciency can be obtained. In some cases, where a very small 
percentage of the feed is taken off as bottom product, an 
unstable operating condition results. The column has a tend- 
ency to surge, thereby reducing capacity and fractionating 
efficiency. This condition often can be corrected by recycling 
a portion of the bottoms product so that sufficient liquid is 
withdrawn from the bottoms at all times to maintain stability. 
In order properly to strip the bottoms under these conditions, 
the reflux rate and heat input to the column may have to be 
increased. 

One cause of poor stability due to too small a percentage of 
bottoms product is insufficient liquid on the trays below the 
feed. Trays, in general, have a minimum liquid rate at which 
they will operate efficiently. There are cases where the normal 
liquid rate through a column is less than the weep-hole capac- 
ity of the trays. As a result, the trays are running dry, and no 
real contact between the descending liquid and rising vapors 
is obtained. 


Changes Inside Towers 

Level Trays 

In order to maintain efficiency in a column, it is necessary 
to have an equal quantity of vapor rising from each cap and an 
equal quantity of liquid passing each cap. One of the chief 
requisites for even distribution over the tray is levelness. 
Great care should be exercised to see that all the trays are 
level. All the caps in a row likewise must have the same sub- 
mergence. If the tower has a high hydraulic gradient across 
the trays, the caps nearest the inlet downflow must be set 
higher than the caps next to the outlet downflow. If the over- 
flow weirs on the tray are not level, improper distribution of 
liquid across the tray will result, as most of the liquid will 
flow to the low point of the weir. Therefore, the overflow 
weirs on a tray should be straight and level. It sometimes is 
necessary to insta]l some method of distributing the liquid, 
especially at high liquid rates, on the inlet side of the tray. 


Inlet Nozzles 

In a great many columns it is the practice to introduce the 
feed at almost any point on the circumference of the tray. If 
the column has an excess number of trays, this practice may 
not show any material decrease of fractionating efficiency. 
However, if the column is operating close to the minimum 
number of trays, it is important that the feed be introduced in 
such a way that the liquid flow across the trays is not upset. 

One method of accomplishing the feed introduction without 
upsetting the flow across the tray is shown in Figure 14. The 
liquid is introduced through the feed nozzle against a baffle 
which deflects the liquid portion of the feed into the down 
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spout from the tray above the feed. Vapors in the feed are 
released into the space between the tray above the feed and 
the tray second above the feed. In this manner, the liquid flow 
is not disturbed on any of the trays. The objection to this 
method of feed introduction is that the tray above the feed 
is bypassed by the vaporized portion of the feed, but it is be- 
lieved that the loss of vapors through this tray is not so 
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FIGURE 14 
Method of Feed Introduction 


damaging to the tower operation as the disturbance of liquid 
flow with its resultant channeling. However, if the charge is 
introduced at a temperature considerably higher or lower than 
the charge-tray temperature, putting the charge into the 
downflow may cause vaporization in the downflow, resulting 
in vapor binding and flooding. In this case, the charge should 
be introduced in the center of the tray. 


Cap and Uptake Layout 

When the number of caps is in excess of that required to 
maintain good slot velocities, and when the gas pressure drop 
is low compared to the hydraulic gradient, some caps and ris- 
ers should be removed. A guide for removal follows: 

1. If the space between the downflow from the tray above 
and the nearest cap is less than 3 inches, and no vapor dam 
or blanked slots are present, the row next to the downflow 
should be removed. If the caps are closer, there is a possi- 
bility that they will blow gas up inside the downflow, break 
ing the seal and causing the liquid to pour down the risers. 
Once this process starts, the tower operation will be stable, 
but the gas going up the downflows and liquid down the 
risers will result in poor fractionation. 

The row next to the weir should be 3 inches away from the 
overflow weir. If the caps are closer, they will blow liquid 
off the tray, and the actual static submergence will be con- 
siderably less than desired. The larger this space, the better 
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will be the vapor disengaging of the liquid entering the 
downflow. 

Caps which are less than 1% inches apart are undesirable. 
Caps closer than this will cause the vapor to channel more 
easily through the liquid. 

Removing caps will decrease the liquid gradient; but care 
must be taken that channels are not created, resulting in poor 
liquid distribution. 

If it is discovered, by calculation of the hydraulic gradient 
of clear liquid, that poor vapor distribution is present even 
though the slot velocities are high, the following changes can 
be made: 

1. Raise the caps higher from the tray at the inlet end of the 

tray to compensate for the liquid gradient. Other rows of 
caps may be raised but to a smaller degree. 
Provide restrictions in the uptakes next to the outlet end to 
compensate for the small liquid head that the gas has to 
bubble through at this end. Providing restrictions makes a 
more stable tray, and will make it possible to have a static 
seal of all the slots and the weir which might not be the 
case if some of the caps are raised. 

The foregoing comments apply principally to cross-flow 
trays with round, hexagonal, or similar types of caps. In the 
case of trays with circular downflows distributed over the 
surface of the tray, the liquid gradient is usually small, because 
the length of travel is short. Trays with long, rectangular 
caps also have small liquid gradients. However,. with these 
trays, caps should not be placed too close to downflows. 

In cases where the possibility exists of blowing gas up the 
downflows, a weir can be installed upstream to the first row. 
Care must be taken to leave sufficient space for the liquid to 
flow over the weir from beneath the downflow. Another way 
of accomplishing this is to blank off the slots next to the 
down-flow. The slots on the caps next to the overflow weir 
can also be blanked off to prevent blowing the liquid off the 
tray. 

Holddown bars located on top of caps appear to offer a 
large resistance to flow, and will cause large liquid gradient 
even if the clear liquid level is below the bars. In the case of 
oblong caps where the flow of liquid is straight across the 
plate, the holddown bars should not affect the liquid gradient 
nearly so much if they are located parallel to the liquid flow. 
Holddown bars should be located, if possible, underneath the 
tray so that they cannot offer resistance to liquid flow in any 
manner. 

In some cases the length of an overflow weir is so short 
that the height of liquid flowing over is large and the gas- 
pressure drop through the trays is high. It might be undesir- 
able to lower the weir to reduce the liquid head on the tray, 
as a negative static seal might result. In this case it might be 
possible to remove the row of caps next to the weir and re- 
place the straight weir by a zigzag weir, thereby increasing 
the effective length of the weir upwards of 30 percent. 

In some trays the constriction area in the downflow to the 
tray below should be increased by removing a portion of the 
bottom of the downflow. 

When the caps are cast-iron, they can easily be replaced 
with gauge metal caps, with a resulting increase in tower 
capacity. The capacity increase is accomplished by appre- 
ciably lowering the hydraulic gradient and by decreasing the 
pressure drop between the risers and caps. A much smaller 
increase in tower capacity is realized when the risers are also 
changed from cast-iron to gauge metal. 


Study of Alkylation-plant Isobutane Tower Performance—will appear in an 


early issue. 
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Liquid shows black—empty 
space shows white. Pre- 
_ ferred wherever liquid level 
0 ‘ : cam must be easily and posi- 
tively visible...and when 
liquids are under high pres- 
sure or at high temperature. 











These gages are made of alloy temperature resisting 
steel and are the highest quality throughout. Liquid 
chamber is made from a solid block of steel to assure 


perfect alignment and rigidity.. All Penberthy gages 











conform with A.P.I.-A.S.M.E. requirements. 


PENBERTHY 


Transparent 
DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Used to observe color and 
density of liquids under 
high pressures, and/or tem- 
peratures. Construction is 
exceptionally rugged ... 
similar to Reflex types. 


) PENBERTHY INJECTOR CO. 


DETROIT, MICHIGAN . Canadian Plant; Windsor, Ontario 
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Steam-Turbine Drive 
Cuts Tube-Rolling Cost 


Asxsisis Fuel Oil Company’s gas- 
treating plant at Columbia, Arkansas, 
sweetens and strips gas containing a 
high percentage of hydrogen sulfide and 
carbon dioxide. This gas causes severe 
corrosion in heat exchangers, reboilers 
and reactivator of the purification unit, 
and replacement of tubes in reboilers 
and heat exchangers is frequent. The 
tube bundles used contain 800 to 900 
¥%-inch carbon-steel tubes, and to drill 
out and roll in this number of tubes is 
a tedious task. The plant did not have 
sufficient air capacity to operate an air- 
driven roller; also it was found an air- 
driven motor often caused the tube roll- 
ers to break. 

G. E, Freeman, chief maintenance me- 
chanic at this plant, devised a means of 
speeding tube replacements. He built a 
steam turbine by cutting a wheel out of 
\Y4-inch steel plate and welding vanes on 
one side of it. The housing was made 
by cutting a ring off of a joint of 16-inch 
pipe and welding a flat plate on one side. 
A flange welded to the other side of the 
ring and a flat steel plate bolted to this 
flange incloses the wheel in. the housing. 
Jets welded on a piece of ™%-inch pipe 
are inserted in the housing is such a way 
as to propel the turbine wheel with 
steam. [Two automobile generator bear- 
ings on each side support the turbine 
shaft. This turbine is mounted on a 
frame and connected to an automobile 
transmission with a belt drive. A 6-foot 
%-inch flexible drive shaft is attached to 
the other end of the transmission box, 
with a tube roller fitted to the end of the 
shaft. 

By operating the transmission in high 
gear, the tube roller works satisfactorily 
rolling in. When tubes are rolled suf- 
ficiently, the transmission is reversed 
and the roller backed out of the tube. 
The reversing operation is accomplished 
by pulling a cord attached to the shift 
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Steam turbine, automobile transmission and flexible drive set up for tube rolling. 


lever. An “S” shaft slot fitted over the 
shift lever causes the lever to move from 
high gear to reverse, and vice versa. A 
spring attached to the top of the shift 
lever holds it in high gear when the cord 
is released. The operator needs to pull 
the cord only when the tube is rolled 
sufficiently. 

A friction clutch prevents rolling the 
tube too much. This clutch is a pulley 
fastened to a sleeve with a disc on one 
side. The pulley and sleeve turn free on 
the turbine shaft but are held against 
another disc by a spring. When the tube 
is rolled enough, these discs start slip- 
ping. Tension on the spring determines 
the load the drive shaft will pull. 

A morse tapered sleeve attached to the 
end of the flexible shaft and _a socket 
welded to a morse tapered shank to hold 
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These fin type condensers for depropanizer overhead were mounted on top of a raw-make tank in 
@ gasoline plant to eliminate foundation costs, conserve space, provide gravity flow, and simplify 
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piping. Each condenser is equipped with thermometers and control valves for the water and vapor. 





the tube roller makes it convenient to 
remove the roller from the shaft or to 
disengage the roller \ while the machine 
is in operation. 

This device has cut the labor cost of 
rolling tubes more than half, One man 
using it can roll tubes as fast as two 
men can put them in place in the bundle. 


Liquid-Level-bauge 
Piping on Process Tanks 


A TANK reworked for use as a lean- 
oil surge tank required a_liquid-level 
gauge, which was constructed at the 
time the tank was reworked from the 
materials at hand. As shown in the pho- 
tograph, 2-inch and 1.5-inch pipe was 
used and the gauge glasses were ‘given 
a 90° spread. As the tank is open to at 
mosphere, it was not necessary to use 
a shutoff valve on the top leg. The tank 
is equipped with welded nipples at top 
and bottom points into which the 1.5- 
inch pipe nipple is screwed. Connections 
are made to the 2-inch pipe leg to which 
the gauge-glass connections are made. 
The same method was used in equip 
ping a pressure vessel (raw-make tan 
with gauge glasses, with the exception 
that valves were used on both top an 
bottom connections, so that the leg caf 
be removed at the unions for cleaning 
or replacing the glasses. In addition, 4 
connection is supplied at the top of the 
leg for an indicating pressure gauge, af 
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In many industries requiring the handling of air or 
gases, Elliott centrifugal blowers are providing superior 
service. Continuous operation is a commonplace with 
them — in some cases they run for several years with- 
out stopping. 


Some reasons — Extremely rigid construction of the 
stationary member. Impeller construction which elimi- 
nates all corners and crevices where solids can lodge 
and impair the balance of the rotor. Since the passages 
remain free of solids, corrosion is greatly minimized. 
Closed type impeller blades are welded by a special 
technique to obtain a smooth fillet at all joints, as well 
as greater strength and stiffness. 


Elliott centrifugal blowers are available in single or 
multi-stage designs, supplied complete with Elliott-built 
turbine or motor drive. Discuss your blower job with 
Elliott engineers. 
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on-stop blower performance? 
HERE IS THE UNIT FOR IT 


“AN 
ELLIOTT 
CENTRIFUGAL 


BLOWER 


Below is shown an outdoor installation of an Elliott 
motor-driven blower, typical of many used in catalytic 
cracking service. Blower supplies 21,500 cfm of air at 
2.5 psig. Driven by 350-hp, 3550-rpm motor. 


COMPANY 


Centrifugal Blower pf ANNETTE 


Plants at JEANNETTE PA RIDGWAY PA 


SPRINGFIELD ‘ . NEWARK 





Gauge glass installation. 


at the bottom for a small valve to drain 
the water from the gauge leg to elimi- 
nate the U-tube effect for a corrected 
reading. 


Vessels for Small Plant 


. e 
abricated From Pipe 
Doz to the availability and delivery 


schedules for prefabricated equipment, 
this fat-oil flash tank, used in connec- 
tion with the reabsorber in a small gaso- 
line plant, was constructed from a 16- 
foot length of 23-inch pipe. Dished heads 
were welded to each end. By using the 
tank in a horizontal position, the large 
surface provided makes operation satis- 
factory. 

The 12-foot accumulator shown at the 
right was fabricated from 23-inch pipe, 
also. Bull plug welded ends were used 
instead of dished heads. The bootleg be- 
neath the tank was made from a length 
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The base of tanks can be given adequate drainage by the use of gravel or crushed rock. Rock of 
1- or 1%-inch sizes is spread evenly for a thickness of 6 to 8 inches above grade. The rock is 
retained in place by a metal band attached to 2-inch pipe stakes driven at 6 to 8-foot intervals, 


of 8-inch pipe with an orange-peel welded 
bottom and a flanged head for connect- 
ing to the tank. A gauge glass and drain 
cock were added to drain the water from 
the tank. The vessel is satisfactory for 
low-pressure service. 


Hose Replaces Manifold 
To Prevent Contamination 


Maxis separating high-purity frac- 
tions from a charge to the column in a 
gasoline plant, the boiling range and 
composition can be damaged by contam- 
ination with other close-cut fractions if 
a common transfer system is perma- 
nently installed. The method used by 
Skelly Oil Company to prevent mixing 
consists of separate lines supplemented 
by high-pressure hose from the accumu- 
lator to storage, or from one storage 
tank to another. 

\ short length of pipe line is laid from 
the accumulator, or liquid receiver, and 
from the various draw-off nozzles on 
the columns to a practical distance from 
the equipment. These separate lines rise 
from the ground and have lubricated 





Sections of 23-inch pipe serve as fat-oil flash tank and accumulator. 
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This small vertical vessel was constructed of 
23-inch pipe. It is 10 feet high and filled with 
a solid adsorbent for dehydrating gas for instru- 
ment operation. The adsorbent is regenerated by 
passing dry gas from the residue scrubber into 
the top of the dehydrator. Gas enters the bot- 
tom and flows to instrument-gas volume tank. 
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SINCE WAR 


As an important part of a $4,000,000 construction program to enlarge its 

Denver refinery, Continental Oil Company has contracted to build a new 
small TC C unit of 3,300 B/D fresh feed capacity. Engineering and design of the 
new unit are already under way and its completion is scheduled for early 1948. 


Although the new unit will be the first cat-cracker to be built in Colorado, it will be 
Continental’s fourth TCC, three others of larger capacity having been operating 
since early 1944 in the company’s Ponca City refinery. Improved features of design 
and construction, which will be incorporated in the new unit, will provide a higher 
yield of motor fuel than any single catalytic cracking unit in existence. 


Houdry will be glad to furnish to any refiner, a complete economic analysis to 
show exactly what TCC can do for his particular operation. 


HOUDRY PROCESS CORPORATION 


25 Broad Street, New York 4, N. Y. 
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plug valves and permanent fittings for 
connecting hose unions. As many of 
these lines are laid as products are to be 
produced so that each fraction will be 
transferred through its individual sys- 
tem. Additional lines are placed near the 
product lines but leading to the storage 
tanks where they are fitted with identical 
connections and valves as are installed 
on the product lines. 

Each special product tank is equipped 
with a nipple at the base which acts both 
as a filling and withdrawal connection. 
Valves are installed near the tank and 


‘ls E problem of giving practical train- 
ing to a newly hired technical college 
graduate in an industrial organization is 
not new. The importance of this prob- 
lem is clear and generally well under- 
stood. The consensus among employers 
shows that technical men hired directly 
from colleges and placed in industry 
should be thoroughly indoctrinated in 
that particular industry. It is at this 
point that opinions diverge as to a course 
of action. 

This essentially is an economic prob- 
lem. One method is to assign a man to 
a specific job in the line organization 
with a minimum of induction training. 
A second method involves placing the 
new man on a general training basis in 
all phases of work with the aim of 
equipping him with a much broader and 
comprehensive knowledge of all depart- 
mental operations before assignment to 
a particular job. This latter program, 
however, is slower and more costly than 
the first since full productive effort is 
not always gained during the training 
period. Also a somewhat higher turnover 
of men may be expected. 

Union Oil Company of California, at 
its Los Angeles and Oleum Refineries, 
has adopted the latter theory of training 
for young technical men, and has estab- 
lished a well defined program covering 
most phases of refinery work. This pro- 
gram occupies the first two years em- 
ployment and is broadly divided into 
two one-year periods. During the first 
year, the trainee is assigned to one or 
two-month periods in the major depart- 
ments. For the second year, he is placed 
for two six-month periods in two related 
departments in which he has shown ap- 
titude and ability during the first year 
of training. The second year, then, be- 
comes a proving ground in which he is 
called upon to accept responsibility and 
perform special duties although not yet 
permanently assigned. 

Periodically, a Committee, composed 
of the refinery manager, various operat- 
ing superintendents, representatives from 
the research and personnel departments, 
and the manager of employe relations, 
meet to discuss each trainee’s progress 
and possible permanent assignment. 

Following indoctrination in safety and 
working rules, the trainee is assigned 
initially to the inspection laboratory to 
conduct routine tests and to learn how 
these tests correlate with the control of 
refinery processes. 


From the inspection laboratory the 
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extension nipples have permanent fit- 
tings for attaching hose. 

If rigidly specified blends are to be 
produced, hose is connected from one 
tank to another and the particular prod- 
uct, only, is thus transferred without 
chance of becoming off-specification by 
accidental entry of another cut, or by 
the seepage through connections when 
not tightly shut-off, as may, and has 
happened when using a permanent mani- 
fold system of piping. 

Employing a set of twin connections 
near the fractionation columns, a cut 


Union Oil Company’s 
Manufacturing Department Technical 


As Seen by Trainee 
WILLIAM K. PARK. 


trainee moves to the chemical laboratory 
where advanced information may be 
gained. In this assignment, the basic 
chemistry involved in refining is learned 
simultaneously with the performance of 
routine and special tests. 

_ The next move for the trainee involves 
the radical departure from the routine 
control laboratories. He is transferred to 
the Research Department for basic train- 
ing in the operation of precision meas- 
urement instruments. Here also he oper- 
ates precision small-scale distillation 
equipment and interprets the results 
therefrom. 

The training program up to this point 
has had two principal goals. First, the 
trainee learns how the refinery and its 
products are controlled by laboratory 
tests. Second, he develops an apprecia- 
tion of the analytical tools which will be 
available to him, and the results which 
he can expect from these tools. This 
period builds a foundation for further 
training on a large-scale refinery equip- 
ment. 

The next normal assignment places 
the trainee in the refinery engineering 
department with the inspection, mate- 
rials and standards group wherein he 
gains first-hand contact with operating 
equipment. By assisting in depreciation 
surveys, pump and other performance 
tests, the trainee begins to learn the 
fundamentals of equipment layout and 
design. The extent and costs of main- 
tenance work become apparent as well 
as the safety limits of equipment opera- 
tion. 

The last half of the first year normally 
is spent in the process department and 
in one of the operating departments. In 
the process department detailed studies 
of several of the refinery units may be 
made. It is here that the trainee inte- 
grates his plant experience and eco- 
nomic education, The true fundamentals 
of engineering “hows and whys” are 
taught as the trainee is directed to per- 
form assignments such as plant material 
balances, economic surveys and recom- 
mendations for process improvements. 


Upon leaving the process department, 
the trainee is assigned to one of the re- 
finery operating departments such as 
distillation, cracking or operating and 
treating. Such processes as thermal and 
catalytic cracking, alkylation, fractiona- 
tion, and product treating are taught 
by placing the trainee in the process unit 
along with the plant operators to learn 





containing two fractions can be chargea 
from one accumulator tank to the surge 


tank of the following tower without the 


necessity of going into storage and run- 
ning the risk of picking up stray frac- 
tions laying in lines and in the bottom 
of storage tanks. Since each line has its 
number corresponding to a line ending 
at the storage tanks, and further iden- 
tified by different colors, the operators 
need have no difficulty when making 
connections across with the transfer 
hose. 


Trainee Program 


unit operations. During this period the 
trainee is permitted to take the basic 
operator training course and to learn 
fire fighting and the practical operation 
of such equipment as pumps, prime 
movers, instruments, etc. Also he comes 
in contact with scheduling training and 
other operating personnel problems. 

At the beginning of the second year 
of training, on the basis of recommenda- 
tions of the “trainee committee” the 
course of work for the ensuing 12 
months is decided upon. After observa- 
tion and frank discussions between the 
trainee and the committee representa- 
tives, an assignment may be made which 
is based upon the trainee’s preferences 
and inclinations as well as the foreseen 
need for technical and supervisory as- 
signments. 

Departments are split generally into 
maintenance, operations, process engi- 
neering, and research groups. The 
trainee is channeled into one of these 
broad fields for the second year. During 
this period he is called upon to accept 
definite responsibility and to perform 
considerable productive work. Usually 
during this period a final evaluation of 
the trainee’s ability and aptitude is ob- 
tained, 

When the two-year training period has 
elapsed, the trainee is given a final re- 
view by the trainee committee for a reg- 
ular assignment. He has been under the 
observation of qualified men for a suf- 
ficient time to insure placement to the 
best advantage of both the man and the 
company. Thus, not only does the train- 
ing program provide the man with in- 
valuable experience which he might not 
receive otherwise, but it reduces the 
chance of error of “the square peg in 4 
round hole.” 


As by-products of the training pro- 
gram, one may list other important 
items. By moving the trainee frequently 
throughout the refinery, he learns how 
to get along with men which, in later 
years, will encourage the best inter- 
departmental and supervisor - employe 
relations. Second, the trainee learns line 


















GA 









organization, job procedures and how: 
recommendations and orders are issued” 


and carried out. 





Trainees who have had the benefit of. 


this broad program eventually have @® 
excellent opportunity of advancing m@ 
responsible technical-administrative 
tions and the company has insured itsel 
of constant supply of well-trained tee 
nical men. 
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ABOUT OUR AUTHORS... . . and Other PERSONALITIES | 4 


New CNGA Secretary 


In expressing a welcome to E. R. 
Millett, Jr., now secretary-treasurer of 
the California Natural Gasoline Associ- 
ation, it is only fair to him to admit the 
regret that comes with noting the res- 
ignation of George L. Tyler. The official 
announcement, however, is reassuring in 
a measure in that Tyler is due to remain 
close to the industry as the representa- 
tive of the petroleum chemicals division 
of E. I. du Pont de Nemours & Com- 
pany. 

Millett has devoted most of his work 
since graduation from Pomona College 
to consulting work in the petroleum in- 
dustry. Only recently he was discharged 
as a captain in the army after service in 
Japan and Korea. For 10 years previous 
to the war he was in consulting work. 
Previously he had been with Union 
Oil Company for three years and he was 
for one year on the staff of Martin Van 
Couvering. 

All the while he has been active in 
civic affairs, as is shown by this part of 
the news release from CNGA: 

“While working as a consultant he 
also found time to serve a year as presi- 
dent of the Venice Lions’ Club, two 
years as president and five years as a 
member of the board of directors of the 
Venice branch of the Los Angeles 
Chamber of Commerce, as a member of 
Mayor Bowron’s committee investigat- 
ing the Los Angeles sewage-disposal 
problem. He is the organizer of the 
Shoreline Planning Association, a state- 
wide organization whose purpose is the 
preservation of the state’s beaches and 
the construction of beach highways.” 

Taylor has been secretary of the Cali- 
fornia Natural Gasoline Association for 
nine years “during which time _ the 
group has enjoyed steady growth in 
membership and has received wide rec- 





GEORGE L. TYLER 


166 


E. R. MILLETT, JR. 


ognition for the work it is doing in its 
particular field,” to quote from another 
paragraph of the news release. 


Double Stroke 


Back in December when a copy of the 
paper “Chemicals from Petroleum” came 
along from J. E. Bludworth, its desira- 
bility for the April issue of PETROLEUM 
REFINER prompted inquiry to headquarters 
of the American Institute of Chemical 
Engineers, whose publication Chemical 
Engineering Progress has first call on 
these papers. 

Then came word from F. J. Ant- 
werpen, editor of Chemical Engineering 
Progress to the effect that the paper 
had been released for general publication. 
It was all-in ample time for this issue of 
PETROLEUM REFINER, including an opportu- 
nity for proof reading by the author, 
who is now in consulting work with 
Corpus Christi as headquarters. 

Before all of these details had atten- 
tion, along came “Utilization of Natural 
Gas for Chemical Products” from the 
United States Bureau of Mines. This 
brought hurried conversation with W. C. 
Holliman at the Bartlesville Experiment 
Station, who reported that the original 
tracings for the illustrations were in the 
Pittsburgh office. 

Again requests resulted in prompt re- 
sponses, with the result that the tracings 
were on hand within a week and plates 
were completed in ample time for April 
presentation. 

Holliman and Harold M. Smith have 
done a thorough job of expanding the 
list of chemicals that are being made or 
promise to be made from natural gas. 
Duplication with other recent presenta- 
tions is unavoidable in these papers but 
this is of minor consideration when the 
primary object is to keep advised on 
progress in petro-chemical processing. 





Hanlon Award 


Although the Hanlon name no longer 
has corporate connection within the nat- 
ural-gasoline industry, the personal in- 
terest of E. I. Hanlon remains at its for- 
mer high status. The Hanlon Award is 
striking evidence of his appreciation of 
a phase of the industry that has grown 
to full stature during his association 
with the petroleum industry. 

Furthermore, the shift of Hanlon prop- 
erties brings. other men into considera- 
tion as recipients of this award, pre- 
sented each year as a part of the NGAA 
program. When originally provided, 
Hanlon specified that no one connected 
with the Hanlon companies could be 
considered. Now the field is widened. 

And this seems like an excellent op- 
portunity of listing the nine men who 
wear watches as evidence of the award 
and whose names are on the plaque: 
Richard C. Alden, Phillips Petroleum 
Company; James W. Cowles, Shell Oil 
Company; George G. Oberfell, Phillips 
Petroleum Company; George Granger 
Brown, University of Michigan; Alois 
Kremser, Standard Oil Company of 
California; Edwin O. Bennett, consult- 
ant, formerly with Continental Oil Com- 
pany; Franklin P. Peterson, Mid-Conti- 
nent Petroleum Corporation; Meinhart 
H. Kotzebue, Gasoline Plant Construc- 
tion Corporation; James E. Pew, Sun 
Oil Company; and William N. Lacey, 
California Institute of Technology 


Happy Birthday 


It will be a few weeks late, still it will 
be proper to say happy birthday to Bill 
Warren, Joe LaFortune, H. E. Felt and 
others of Warren Petroleum Corpora- 
tion. The three do not have _ simul- 
taneous birthdays but the company was 
25 years old March 15, 1947. 

A silver anniversary issue of “The 
Natural Gasser” gives some facts which 
are of more significance than the record 
of any one company. What has taken 
place in the instance of Warren Petro- 
leum Corporation is typical of the in- 
dustry. 

Bill Warren had $300.00 and one room 
for an office when he started out “han 
dling nothing but natural gasoline.” 


Another First 


It is somewhat strange to be adding 
the words “independent operator” after 
the name of D. E. Buchanan, who also 
lists some spot in Colorado rather than 
Tulsa, Oklahoma, when he registers at 
conventions. Back when the _ present 
NGAA was formed at the Natural Gaso- 
line Manufacturers Association, Buch- 
anan was with Chestnut & Smither Cor- 
poration. With its dissolution, his com- 
pany connection became Hanlon-Buch- 
anan, Inc., which only last year became 
a part of Warren Petroleum Corpora- 
tion. 

Buchanan will preside over the ques 
tion-and-answer session of the NGAA 
convention, known as “Information 
Please.” As such he is designated 4s 
moderator. 
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[|rue MONTH IN THE INDUSTRY 





NGAA Program fo Stress Role of 
Light Hydrocarbons in Mofor Fuels 


Oné session of the program of the 
annual meeting of the Natural Gasoline 
Association of America in Dallas, April 
23, 24 and 25, has been set up to give the 
industry an insight into its place as a 
source of motor fuel. This will be the 
program of the afternoon of April 24 
in the main ball room of the Baker 
hotel, and the theme will be motor fuel. 

In general the program for the 
twenty-sixth annual meeting will follow 
this pattern: 

April 23, cycling operation session in 
the afternoon. 

April 24, general 
and afternoon. 

April 25, Information Please. 

The buffet dinner and entertainment 
program, sponsored by the Natural Gas- 
line Supply Men’s Association, will be 
held the evening of April 24. 

All activities will be in the Baker 
hotel. 

The two general sessions of April 24 
vill start with the address of J. 
Dunn, president of the association and 
president of Shamrock Oil & Gas Cor- 
poration, Amarillo. He will discuss the 
economic position of the products of 
natural gasoline and cycling plants un- 
der the title, “Shortages,” and will deal 
with the reasons for increas- 


sessions morning 


primarily 
ing supplies of liquefied petroleum 
products. Next will be an address, 





Four Technical Sessions 
For API at St. Louis 


Four technical sessions and a dinner 
meeting will make up the program of the 
mid-year meeting of the Division of Re- 
fining of the American Petroleum — 
tute,- June 2 and 3, Jefferson Hotel, S 
Louis. 

The morning session June 2 will be for 
activities of the division and committees 
will have an opportunity to report on 
their work. Albert E. Miller, Sinclair 
Refining Company, is in charge of this 
program. 

In the afternoon there will be a session 
in design, construction, inspection and 
repair of refining equipment. Details of 
its preparation are under the direction of 
Walter Samans, Sun Oil Company. 

The dinner meeting Monday evening 
will have a program of general interest, 
under the preparation of Dr. J. Bennett 
Hill, Sun Oil Company. 

Morning and afternoon sessions will 
be on the general subject of gasolines 
and “will cover the whole subject and 
its realtionship to other refinery prod- 
ucts. W. M. Holaday, Socony-Vacuum 
Oil Company, is in ‘charge of the de- 
velopment of this program. 

The general committee of the Divi- 
sion of Refining will meet at noon Tues- 
day. Other committee meetings will be 
arranged both during the two-day ses- 
sion as well as for dates immediately 
atterward. 


“Public Opinion and the Future of the 
Oil Business,” Jake L. Hamon, Cox & 
Hamon, Dallas, vice president of Amer- 
ican Petroleum Institute. 

Relationship of the trend toward 
higher octane requirements and the con- 
servation of petroleum will be the theme 
of a paper by E. O. Thompson, Texas 
Railroad Commission, whose title is 
“Octane versus Conservation.” 

The Hanlon Award will be presented 
at the close of the morning general ses- 
sion. In the afternoon the session “has 
been designed to reduce the confusion 
of ideas with respect to future cars and 
motor fuels” with the following papers: 

“Motor Fuel Trends and _ Desired 
Characteristics,” William S. James, 
Ford Motor Company. 

“Factors Affecting Quality and Sup- 
ply of Internal - Combustion - Engine 
Fuels,” William M. Holaday, director of 
research, Socony-Vacuum Oil Com- 
pany. : 

“Natural Gasoline Looks Ahead,” G. 
G. Oberfell, vice president, and R. C. 
Alden, director of research, Phillips Pe- 
troleum Company. 

Discussion will follow 
papers. 

Committee sessions and registration 
will get underway the morning of April 
23, bringing the first part of the pro- 
gram for that afternoon, when there 
will be a report of the corrosion re- 
search project committee by T. S. 
Bacon, Lone Star Gas Company, chair- 
man. Other subjects on this cycling pro- 
gram will be: 

“Application of Cycling of Gas Injec- 
tion Below Normal Gas-Water Con- 
tact,” H. L. Hensley, Humble Oil & 
Refining Company. 

“Mobile Laboratory for Gas Conden- 
sate Studies,” E. H. Koepf, The Atlantic 
Refining Company. 

“The Nowata Road Tests,” K. C. 
Bottenberg, Phillips Petroleum Com- 
pany. 

The “Information Please” session has 
been scheduled for the morning of the 
last day but will be continued into the 
afternoon. D. E. Buchanan will serve as 
moderator and will be assisted by a 
question-screening committee of F. B. 
Haverfield, Continental Oil Company; 
Allen T. Givens, Coltex Corporation; 
Charles W. Miller, Midland Gasoline 
Company; M. R. Church, Shell Oil 
Company, and A. H. Weil, United Gas 
Pipe Line Company. 

The panel of experts has been selected 
to give answers in the several phases 
of gasoline- and cycling-plant operation, 
as follows: Plant and field operations, 
G. W. McCullough, Phillips Petroleum 
Company; D. N. Barrow, Arkansas Fuel 
Oil Company, and J. L. Nutter, Hagy, 
Harrington & Marsh, Processing and 
Construction, H. M.- Nelly, Jr., J. F. 
Prichard & Company; Refining ‘Opera- 
tions, Walter W. Scheumann, Cities 
Service Oil Company; Research, G. G. 


each of these 
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Conventions 


April 

7-10—National Association of Corro- 
sion Engineers, Palmer House, 
Chicago. 

17- 18—National Petroleum Association, 
Cleveland Hotel, Cleveland. 

23-25—Natural Gasoline Association of 
America, Baker Hotel, Dallas. 

30- 2—Natural Gas Department, Amer- 
ican Gas Association, Stevens 
Hotel, Chicago. 

May 

4- 7—Petroleum Equipment Suppliers 
Association, Mark Hopkins Ho- 
tel, San Francisco. 

6- 8—Petroleum Industry Electrical 

| Association and Petroleum Elec- 

| trical Supply Association, Rice 
Hotel, Houston. 

6- 8—Southwest Gas Measurement 
Short Course, University of Ok- 
lahoma, Norman. 





June 

2- 3—American Petroleum Institute 
Division of Refining, Midyear 
Meeting, Jefferson Hotel, St. 
Louis. 

23-25—American Chemical _ Society, 

| Midwest Regional Meeting, Kan- 

sas City, Missouri. 

September 

15-17—National Butane-Propane Asso- 
ciation, Jefferson Hotel, St. 
Louis, 

29- 3—American Gas Association, San 
Francisco. 

October 

21-25—Pacific Chemical Exposition, San 
Francisco. 

November 


10-13—American Petroleum Institute, 
Stevens Hotel, Chicago. 





Brown, University of Michigan; Frank 
Fisher, Skelly Oil Company, Walter 
Dayhuff, Standard Oil Company of 
California; Safety, Henry Boggess, Sin- 
clair Prairie Oil Company; Legal and 
Regulatory, Binfold Arney, Attorney; 
J. K. Baumel, Texas Railroad Commis- 
sion; Turbines and Turbo-Blowers, B. 
L. Spain, Ingersoll-Rand Company; 
Liquid Metering, A. J. Kerr, Pittsburgh 
Equitable Meter Division, Rockwell 
Manufacturing Company. 


Corrosion Program Includes 
Oil Industry Symposium 


A symposium for the oil industry, the 
afternoon of April 9, was part of the pro- 
gram for the annual meeting of the 
National Association of Corrosion Engi- 
neers in the Palmer House, Chicago, 
April 7-10. 

Chairman for this symposium was J. 
M. Pearson, Sun Oil Company, Chester, 
Pennsylvania, and co-chairmen were W. 
F. Rogers, Gulf Oil Corporation, Hous- 
ton, and A. Wachter, Shell Development 
Company, Emeryville, California. 

Four papers were presented on the 
program: 

“Arsenic as a Corrosion Inhibitor in 
Sulfuric Acid,” A. Wachter, R. S. Tre- 
seder and M. K. Weber, Shell Develop- 
ment Company, Emeryville. 

“Silicates for Corrosion Inhibition in 
the Oil Industry,” William Stericker, 
Philadelphia Quartz Company, Phila- 
delphia. 

“Cathodic Protection of ie Lines,” 
Alan C. Nelson, Plantation Pipe Line 
Company, Atlanta. 

“Effect of Carbide Structure on Cor- 
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rosion Resistance of Steel,” R. W. Man- 
uel, Phillips Petroleum Company, Bar- 
tlesville. 


Thayer, Bates Head Sun 
Manufacturing Department 


Election of Robert G. Dunlop as presi- 
dent of Sun Oil Company, and Clarence 
H. Thayer as vice president in charge 
of manufacturing was part of the change 
in official personnel that followed the an- 
nual meeting of stockholders in Phila- 
delphia March 18. J. Howard Pew, who 
previously had resigned as president, will 
continue as a director. Joseph N. Pew, 
who had been executive vice president, 
was chosen as chairman of the board. 

Previously Thayer was chief engineer 
and assistant to Aruthur E. Pew, Jr., 
who resigned as vice president but will 
remain as a director. Dr. John R. Bates 
was named assistant to the vice president 
in charge of manufacturing. 

Thayer has been with Sun Oil Com- 
pany since 1926 when he joined the en- 
gineering staff of the Marcus Hook 
plant. He was successively superinten- 
dent of pressure stills and superintendent 
of the plant before being transferred to 
the home office, where he was desig- 
nated chief engineer in 1933. He was 
elected to the board of directors in 1941. 
Before joining the Sun _ organization 
Thayer had been with Standard Oil 
Company of California at Richmond, 
where he started as office boy and ad- 
vanced to assistant superintendent. 

Dr. John R. Bates left the faculty of 
the University of Michigan in 1936 to 
join the staff of Catalytic Development 
Company, operating subsidiary of Hou- 
dry Process Corporation. Four years 
later he was promoted to director of re- 
search, a position he held until 1942 
when he joined the manufacturing de- 
partment staff of Sun Oil Company. In 
1942 he was appointed assistant to the 
vice president in charge of manufactur- 
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ing. His undergraduate schooling was at 
Amherst University, followed by gradu- 
ate work at Princeton University from 
which he earned his doctor’s degree in 
1927. After study abroad he returned to 
Princeton in 1929 as research associate 
and remained until 1932 when he went 
to the University of Michigan. 

Bates was one of five new directors 
added by action of stockholders, others 
being Frank R. Markley, general sales 
manager; Donald P. Jones, also elected 
comptroller; William D. Mason, director 
of industrial relations, and R. W. Pack, 
general manager of the Gulf Coast Di- 
vision, Beaumont. 

The post of chief engineer of the 
manufacturing department went to Paul 
D. Barton, who has been assistant man- 
ager of the engineering division. Barton 
has been with the company since 1934, 
although his consulting work brought 
him into contact with the company 
earlier. He is a graduate of the Uni- 
versity of Oklahoma and California In- 
stitute of Technology in 1920. He went 
with General Petroleum Corporation in 
research work concerning lubricating 
oils. Three years later he became super- 
intendent of the natural-gasoline opera- 
tions for United Oil Company, now a 
part of Richfield Oil Corporation in the 
Signal Hill field. Later he became gen- 
eral superintendent of this department 
and was the first president of the Cali- 
fornia Natural Gasoline Association, in 
which he still holds membership. In 
1926 he engaged in consulting work and 
it was in this activity that he came into 
the activities of Sun Oil Company. 


American Gas Association 
To Meet in Cleveland 


The 1947 annual meeting of the Amer- 
ican Gas Association will be held in 
Cleveland, October 6, 7 and 8 instead of 
in San Francisco, as had previously been 
arranged. The California city was se- 
lected at the close of the 1946 conven- 
tion. But the executive committee 
announced the change, since indications 
are that attendance will tax hotel facili- 
ties of San Francisco 


DR. JOHN R. BATES 


Kirkbride Named Director 
Of Laboratories for Houdry 


C. G. Kirkbride has been named direc- 
tor of laboratories of Houdry Process 
Corporation, Philadelphia and Marcus 
Hook, Pennsylvania. Since July, 1944 
Kirkbride has been professor of chemica] 
engineering at Texas Agricultural & Me- 
chanical College. During this period he 
has prepared several articles for Perrro- 
LEUM REFINER and served as program 
chairman for the American Institute of 
Chemical Engineers. 


C. G. KIRKBRIDE 


He is a graduate of University of Michi 
gan. Before joining the faculty at A. & M. 
he was on the research staff of Pan Ameri- 
can Refining Corporation, Texas City, 
and later on the research staff of Mag- 
nolia Petroleum Company at Dallas 


PAUL D. BARTON 
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The thirty-fifth annual meeting of 

Western Petroleum Refiner’s Associa- 
tion at San Antonio March 24, 25, and 
26, in addition to technical sessions in 
which various phases of petroleum re- 
fining were treated, included discussions 
f§ problems-of future petroleum and gas 
supplies. 

Technical discussion was initiated with 
ajoint meeting March 24 to hear reports 
of committees on motor fuel, tractor 
fuel, and diesel fuel. Paul Williams, the 
Association’s technologist, conducted the 
program and read the report of the com- 
mittee on diesel fuel, the other reports 
being brief and concerned chiefly with 
sulfur specifications in legislation on mo- 
tor fuels, and with the burning of 
cracked fuels in “pot” burners. Work is 
planned to investigate the question of 
sulfur contamination of motor fuels from 
the users standpoint. The committee on 
diesel] fuels reported considerable activ- 
ity in their field ‘along the lines of sub- 
stitute fuels for straight-run fractions. 
It was recommended that the committee 
should do all that it can to assist in 
parallel interest work being performed 
by the CRC Diesel Fuels Division. The 
latter has recognized two broad objec- 
tives: (1) To secure necessary compara- 
tive operational data to determine the 
range of fuel quality variation com- 
patible. with the most economical fuel 
and operating costs, within the limita- 
tions that can be tolerated in existing 
diesel engines, and (2) to secure basic 
information to assist in ultimately de- 
veloping the best combination of diesel 
engines and fuel characteristics, with 
due consideration being given to first 
cost, operation, and maintenance. 


Motor-Fuel Trends 


L. D. Mann, of Cities Service Refining 
Corporation presided at the morning 
session March 25. “Motor Fuel Trends 
in Relation to Antiknock Requirements” 
by T. H. Risk and Jane F. Jordan, of 
Ethyl Corporation, was read by Risk, 
who said that regular grades of gasoline 
in the 80 Motor, 88 Research octane 
range and premium grades in the 85 Mo- 
tor, 95 Research octane range will be 
generally available in the next few years, 
and that while present engines are not 
designed to take full advantage of these 
tuels, adjustment of engines to realize 
more fully the available performance will 
result in engines gradually beginning to 
require the quality of fuel made avail- 
able generally in any locality. Variations 
with engine speed of both engine-fuel 
requirement and antiknock characteris- 
tics is_important and should be taken 
nto consideration along with octane re- 
quirement of the engines at the speed 
of maximum knock and the road octane 
number of the available fuels, Present 
engines are critical at low speeds with 
respect to knock, though their require- 
ment generally falls off rapidly with in- 
creasing speed. The introduction of the 
fluid torque converter, however, coupled 
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with increased compression ratio, may 
give vehicles which have a far more 
constant requirement over the speed 
range. Such vehicles will be more criti- 
cal at high speeds and as critical at low 
speeds as the cars now in operation. 
Fuel sensitivity, the difference between 
octane ratings by the Motor and Re- 
search methods, is good protection 
against low-speed knock, but extremely 
sensitive gasolines sometimes show 
rapid decline in road antiknock charac- 
teristics with increasing speed and are 
susceptible to high-speed knock, and the 
best guarantee of satisfactory perform- 
ance at all road speeds appears to be 
high sensitivity coupled with high lead 
susceptibility. 

Hydrocarbon analyses of fuels of this 
type indicate that they are obtained by 
concentrating the olefinic components in 
the lightest fractions and keeping the 
olefin content of the heavy fractions as 
low as possible. Knowledge of the rela- 
tion of these factors to plant operation 
will help refiners to use existing equip- 
ment to best advantage and to make 
wise decisions as to the types of new 
processing equipment to install in order 
to complement their present plant. 

(This paper appears at page 99 of this 
issue). 


Catalytic Cracking Processes 

A panel discussion of problems en- 
countered in the commercial operation 
of several catalytic cracking processes 
was conducted by Ray R. Irwin, Socony- 
Vacuum Oil Company, and featured a 
series of questions prepared by process 
operators which were answered by rep- 
resentatives of process licensors. J. B. 
Godwin, Magnolia Petroleum Cqmpany, 
prepared questions on the TCC process 
which were answered by H. D. Noll, 
Houdry Process Corporation. John W. 
Bertetti, Root Petroleum Company, pre- 
pared questions on the Fluid process 
which were answered by Donald J. Berg- 
man, Universal Oil Products Company, 
while C. O. Anderson, Globe Oil & Re- 
fining Company, Lemont, Illinois, pre- 
pared questions on Cycloversion which 
were answered by Hugh A. Neal, Phil- 
lips Petroleum Company. 


Government Representatives Heard 


The afternoon of March 25, E. O. 
Thompson, chairman of.the Texas Rail- 
road Commission, delivered an address 
of welcome, and then discussed prob- 
lems of gas conservation. A telegram 
from Secretary of the Interior Krug, 
read to the meeting, said the National 
Petroleum Council in no case will make 
any effort to run the oil industry, and 
advocated minimum government control, 
and emphasized the advantage of the 
government and industry working to- 
gether. 

R. B. Tollett, Cosden Petroleum Cor- 
poration, Big Spring, Texas, presided at 
this session, 

“Petroleum Gas—Uses 


and Natural 


April, 1947—A Gulf Publishing Company Publication 


and Possible Replacements,” by R. E. 
Wilson and J. K. Roberts of Standard 
Oil Company (Indiana), was presented 
by Dr. Roberts and described sources of 
oil, gas, gasoline, and other petroleum 
products, and for coal as follows: 24 bil- 
lion barrels of proved petroleum oil re- 
serves, imports from foreign producing 
areas which are expected to play a part 
of increasing importance, and synthetic 
fuels to be produced by synthol type 
processes which will also provide by- 
product petroleum chemicals. It was 
forecast that synthol plants would ap- 
pear in this country in commercial ope- 
ration somewhat along this timetable: 
plants utilizing natural gas as feed stock, 
1947; utilizing residual fuel oils, 1965; 
utilizing coal, 1970. 

“Fueling the Navy” was the subject 
of Captain Ralph E. Wilson, USN, who 
recounted problems in logistics con- 
fronting the Navy in the war, and told 
of building storage facilities in advanced 
bases in the Pacific, pipe lines across 
Panama as protection against possible 
blocking of the canal by enemy attack, 
and of pipe lines and fuel supply ar- 
rangements used in the European inva- 
sion. Captain Wilson stated that petro- 
leum requirements in any future conflict, 
can be expected to increase at least 30 
percent, and emphasized the necessity 
for cooperation between the military and 
industry in such an event. 


“Hydrocol” Development 


G. R. Kinter, Tidewater Associated 
Oil Company, Tulsa, presided at the 
technical meeting held the morning of 
March 26. . 

P. C. Keith discussed development of 
the “Hydrocol” process from its starting 
point in the German work with Fischer- 
Tropsch processes, and expressed his 
views of the probable effect of the proc- 
ess on reserves of liquid fuels. 

Keith recounted difficulties encoun- 
tered by the Germans in the operation 
of the Fischer-Tropsch plants using 
brown coal as a starting point in the 
manufacture of gasoline and other syn- 
thetic-oil products, and stated that proc- 
ess and economic improvements in cata- 
lysts, engineering improvements in syn- 
thesis-gas preparation methods, reactor 
design, waste-heat recovery, and very 
important improvements in product 
quality, have resulted in a process which 
resembles the original only in that sim- 
ilar chemical reactions are involved. The 
“Hydrocol” process, he said, will give 
yields of 65 to 80 percent gasoline of 
75-80 CFRM octane number, plus a va- 
riety of by-product chemicals, as alco- 
hols, ketones, organic acids, and other 
oxidation products. Plants now building 
at Brownsville, Texas, and at the Hugo- 
ton field in Kansas, will utilize natural 
gas as a fuel to produce 7000 barrels per 
day of synthetic crude oil each. The 
process involves the reaction of carbon 
monoxide and hydrogen, and these feed 
materials can be obtained from a variety 
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of sources, in addition to natural gas, 
including heavy fuel oiis and coal. Plant 
investments are higher with feed other 
than natural gas because additional feed 
preparation equipment is required, but 
the engineering problems of such plants 
have been largely worked out, and eco- 
nomic considerations can be expected to 
control their development. Coal gasifi- 
cation processes used commercially in 
Europe have thermal efficiencies in the 
order of 80 percent. ’ 

Plans recently announced by the Pitts- 
burgh Consolidation Coal Company call 
for expenditures in excess of $120,000,- 
000 in the construction of facilities for 
the gasification of coal. This work, 
which is expected to be in commercial 
operation by 1951, primarily will pro- 
duce fuel gas with gasoline and diesel 
fuels as by-products. The program is be- 
ing undertaken in cooperation with 
Standard Oil Development Company, 
whose president, Robert P. Russell has 
stated that his parent company, Stand- 
ard Oil Company (New Jersey), wants 
to perfect the new gasification process 
because it would assure an enormous po- 
tential reserve of liquid fuel, and because 
the cost of finding and producing petro- 
leum oil is mounting and probably will 
continue to rise, Russell has said that his 
company is confident that oil reserves 
will remain as large 20 years from now 
as they are today, but that coal is by all 
means the greatest source of energy. 
Commercial reserves of all grades of 
coal total about 3.18 trillion tons. If half 
of this can be used for synthesis, coal 
could represent a potential gasoline re- 
serve, for example, of 3.7 trillion bar- 
rels, “or enough to last for 3000 years.” 


Natural Gas Not Irreplaceable 


Keith asserted that the fuel gases from 
coal gasification are suitable feed for 
the “Hydrocol” process, and that such 
plants will make us independent of nat- 
ural gas and petroleum reserves as the 
only source of liquid fuels, that natural 
gas is not “an irreplaceable natural re- 
source.” The “Hydrocol” process was 
also suggested as being of utility to pe- 
troleum refiners in realizing maximum 
yields from crude oils. He explained that 
little investigation along these lines has 
been completed, but that preliminary ex- 
aminations indicate the economic utility 
of the process as a “scavenger” for all, 
low-value refinery hydrocarbons. A re- 
finer on Mid-Continent crudes, for ex- 
ample, might well charge light gases 
usually required for refinery fuel to a 
“Hydrocol” unit while using residual 
fuel oil to supply plant heat. This fuel 
oil would have to meet no specifications 
other than the requirements of combus- 
tion in the refiner’s own furnaces, and 
the light gasoil normally required to 
“cut-back” residual stocks to a market- 
able fuel oil product could be diverted to 
more profitable uses. This refiner would 
thus have no residual fuels to market 
and often would be greatly benefited 
thereby. Another case mentioned applied 
to the refiner with crude supplies heavy 
in asphaltic materials resulting in the 
production of large percentages of resid- 
ual fuel oils. This refiner might do well 
to charge his fuel oil production, rather 
than the plant fuel gas, to a “Hydrocol” 


unit, since the route followed in the 
earlier case would leave an excess of 
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black fuel oil over plant-heat require- 
ments, and this material would still pre- 
sent a marketing problem. With the fuel 
oil utilized as charge for a “Hydrocol” 
unit, the light fuel gases in the plant 
would be used to supply processing heat. 
Either route has the advantage of in- 
creasing the overall refinery gasoline 
yield compared to other processing 
schemes, and also markedly improves 
the overall plant octane since gasoline 
produced in the “Hydrocol” process is 
of high octane level. 


“Chemical Phase” 


The field of petro-chemicals as seen 
from the viewpoint of the refiner of 
petroleum who has as yet no experience 
along these lines was the subject of a 
paper by M. B. Chittick, The Pure Oil 
Company. It was stated that the petro- 
leum industry has passed through two 
phases and has now entered a third and 
permanent phase. The first phase might 
be termed the burning oi] phase, the 
second the automobile phase, and the 
third, which involves the use of petro- 
leum as raw material for chemical manu- 
facture or synthesis, may be termed the 
chemical phase. Petroleum chemicals 
were defined as “those products obtained 
directly or indirectly from crude oil or 
natural gas and used in the chemical- 
consuming industries. All those products 
derived from petroleum and not em- 
ployed as fuels or lubricants may be 
classified as petro-chemicals, From re- 
cent surveys of all plants under con- 
struction for the manufacture of chem- 
icals using petroleum or natural gas as 
a source of raw material, it appears un- 
likely that the 1945 totals will seem very 
large ten years hence.” : 

“From the standpoint of the inde- 
pendent refiner, the simplest and safest 
approach would appear to start with a 
re-examination of his particular crude, or 
crudes, with the objective of determin- 
ing what petro-chemicals are compo- 
nents of that crude and whether or not 
they can be extracted and/or refined 
with existing facilities or by the addition 
of new facilities involving a minimum 
capital outlay. When these possibilities 
are determined, an exhaustive market 
survey should be.conducted to deter- 
mine the overall economics of the pro- 
posed operation.” A number of product 
possibilities based on separation and 
purification of the components of vari- 
ous crudes were enumerated. 

Chittick continued, “The second ap- 
proach to the petro-chemical field is, 
perforce, on a broader and more elab- 
orate scale and has to do with the syn- 
thesis of petro-chemicals from raw ma- 
terials which are components of nat- 
ural gas, crude oil, or obtained as by- 
products in normal refinery operations. 
Before any decision can be made intelli- 
gently as to the advisability of entering 
the field on this more elaborate scale, 
the following preliminaries should be 
followed: a thorough search of the liter- 
ature, a thorough patent search, and a 
thorough market survey.” 

Many difficulties inherent in the plac- 
ing of a new product into commercial 
production were pointed out, and eco- 
nomic factors of supply and demand 
were discussed. Chittick concluded: 
“Figuratively speaking, the surface of 
the petro-chemical industry has only 
been scratched. It must and will ex- 


pand.” It is believed that the future of 
the industry can be viewed with opti- 
mism, 





Future Supply and Demand 


R. W. McDowell of the Mid-Contj- 


nent Petroleum Corporation, was the 
presiding officer at the general session 
March 26. S. A. Swensrtid, The Stand- 
ard Oil Company (Ohio), presented a 
discussion of “Various Factors in the 
Future Supply and Demand Picture” jn 
which it was stated that much of the 
past work in the prediction of demand 
for petroleum products has been on the 
‘low side, in spite of careful studies and 
reasonable assumptions. A qualified in- 
dustry committee in 1925 forecast that 
by 1945 total crude oil runs to stills 
would be 3.8 million barrels daily, and a 
similar authoritative study in 1935 fore- 
cast 3.0 million daily. Runs in 1945 
actualy were above 48 million barrels 
daily. The forecasters in both cases fore- 
Saw. more motor vehicles but under- 
standably failed to foresee that motor 
vehicles would cover much more mile- 
age per year as roads were improved 
and that they would utilize better en- 
gine efficiency mainly for achieving bet- 
ter performance and comfort rather than 
for cutting down on weight of cars or 
increasing mileage per gallon. Conse- 
quently, gasoline use has far exceeded 
those earlier forecasts. The early fore- 
casters left out a consideration which 
has entered the picture and proved im- 
portant, stated Swensrud. They base 
their estimates on gasoline as the pri- 
mary and ruling product from crude 
oil. Actually, heating oil, tractor fuel, 
and other products have assumed great 
importance and have much weight in 
determining the volumes of runs to 
stills. So strong has been the demand 
for these other products that in order 
to meet it, the industry has deliberately 
processed enough crude to obtain those 
products even though in doing so, gaso- 
line yields had to be held down to 
avoid surplus production of the main 
product. 

While much petroleum was used dur- 
ing the war, the use was not abnormal 
but only in line with the prewar and 
postwar tendency to increase constantly. 

Other recent estimates of demand also 
have proved too low, several by 300,000 
barrels daily for early 1947. On the 
conservative side, for example, were 
recent estimates of both the Interstate 
Oil Compact Commission and the Inde- 
pendent Petroleum Association of Amer- 
ica. 

“I am inclined toward relatively high 
volume expectations for the next sev- 
eral years,” Swensrud continued. “Until 
a depression occurs the trend of caf 
(and gasoline) use will continue strong, 
and a similar outlook for domestic heat- 
ing oil is foreseen. Other factors to be 
considered include diesel-oil require- 
ments of locomotives formerly using 
coal, asphalt requirements for paving 
which are expected to be great, increas 
ing use of petroleum products in avia- 
tion, and the growing ‘use of propane, 
butane, and other liquefied petroleum 
products. Swensrud concluded, “over the 
next several years (barring a depres- 
sion or the development of exceptionally 
high prices for our products), the total 
demand for all petroleum products will 
exceed 5.5 million barrels per day, and 
that we will not have reached the end 
of the road then, either.” 

“The Rural Market in the Petroleum 
Industry” was the subject presented by 
Don Ross, representing the Agricultural 
Publishers Association. Ross discusse 
the use of machinery and of petroleum 
products in modern farming, and offere 
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ix Allis-Chalmers Turbo 

Blowers Used in World's 
Largest Fluid Catalytic 
Cracking Plant! 


|" WHAT IS PERHAPS the largest single fluid catalytic cracking 
plant in the world, six Allis-Chalmers turbo blowers are sup- 
plying air at the rate of 135,000 cubic feet per minute. Each unit 
Ss rated 22,500 cfm and is driven by a 1730 hp condensing steam 
turbine at 5100 rpm. 

For over 50 years, the A-C nameplate has meant highest quality 
high speed rotating equipment of many kinds . . . and through 
the years Allis-Chalmers has furnished almost.every type of blower 
wed in refinery processes. Today, Allis-Chalmers offers a complete 
ange of single and multi-stage blowers and compressors. 
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CHECK LIST OF ALLIS-CHALMERS 
EQUIPMENT FOR THE OWL INDUSTRY 


B ELOW, is a partial listing of the equip- 
ment Allis-Chalmers builds for Pe- 
troleum Refineries—Field and Transpor- 
tation. 

Additional information on any of this 
equipment is available upon request. 


POWER GENERATION 


Condensing and non-condensing steam 
turbines from 10 hp to 10,000 kw and up. 
Gas turbines to 15,000 hp 


M POWER DISTRIBUTION 
AND CONTROL 


High and low voltage switchgear 
Indoor and outdoor circuit breakers 
Voltage regulators 

Dry type, oil filled and non-inflammable 
liquid filled transformers 

Load center, Multi-circuit and Single cir- 
cuit unit substations 


VM CONVERSION EQUIPMENT 


Motor generator sets 
Mercury arc rectifiers 


es 
Vi MOTORS AND DRIVES 


Alternating current motors 
Squirrel cage and wound rotor 
Explosion-proof 

Totally enclosed 


[Vf Texrore DRIVES 


V-Belts 

Constant speed sheaves 
Variable speed sheaves 
Magic grip sheaves 


PRODUCTION, PROCESSING 
AND MAINTENANCE 
EQUIPMENT 

Tractors 

Pressure vessels and plate work 

Welders and Rechina 
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evidence to demonstrate the progressive 
nature and buying power of this market. 

Ralph C. Champlin, Ethyl Corpora- 
tion, gave an address titled “One Hun- 
dred Years of Public Relations in Oil” 
in which he discussed events in the his- 
tory of the industry in relation to their 
effect on public opinion, and reported on 
the progress of the API public-relations 
program, It was suggested that each in- 
dividual in the industry could, by mak- 
ing a conscious effort to inform his im- 
mediate associates and neighbors on the 
nature of his work and his company’s 
general activities, perform an extremely 
valuable service in furthering the gen- 
eral public-relations program. 


Oppose Co-Ops 


In the first meeting of the newly re- 
elected directors March 26, a resolution 
was passed “in opposition of any tax in- 
equalities favoring co-operatives over 
other types of business enterprise.” The 
secretary was instructed to forward 
copies of the resolution to the Secretary 
of the Treasury, the Commissioner of 
Internal. Revenue, the Chairman of the 
Senate Finance Committee, and the 
Chairman of the House Ways and 
Means Committee, together with a re- 
quest “for such legislative action as 
may be found necessary to accomplish 
true tax equalitv among business enter- 
prises,” and officers and counsel of the 
association were requested “to present 
the association’s position on the rela- 
tive taxation of co-operatives and regu- 
lar business corporations to such com- 
mittees of Congress as may afford pub- 
lic hearings on this subject.” 


All Officials Re-elected 


Officers and directors who served for 
1946-1947° were re-elected for the year 
1947-1948 for each post subject to voting 
in the election, as follows: 

H. T. Ashton, Socony-Vacuum Oil 
Company, St. Louis, president; and T. 
A. Helling, El Dorado Refining Com- 
pany, Eldorado, Kansas; R. W. Mc- 
Dowell, Mid-Continent Petroleum Cor- 
poration, Tulsa; T. M. Martin, Lion Oil 
Company, El Dorado, Arkansas; and 
Raymond L. Tollett, Cosden Petroleum 
Corporation, Big Spring, Texas, vice 
presidents. These officers were re-elected 
as directors, as were Paul G. Blazer, 
Ashland Oil & Refining Company, Ash- 


land, Kentucky; Keid ‘Brazell, Leonard 
Refineries, Inc., Alma, Michigan; H. W. 
Camp, Cities Service Oil Company, Bart- 
lesville; Sheldon Clark, Sinclair Refin- 
ing Company, Chicago; O. L. Cordell, 
Bareco Oil’ Company, Tulsa; Frank H. 
Dunn, Wilcox Oil Company, Tulsa; A. 
M. Hughes, Phillips Petroleum Com- 
pany, Bartlesville; Ray R. Irwin, So- 
cony- Vacuum Oil Company, Kansas 
City; R. E. Luton, The Ohio Oil Com- 
pany, Robinson, Illinois; F. L. Martin, 
Sunray Oil Corporation, Tulsa; W. E. 
Moody, Deep Rock Oil Corporation, 
Cushing, Oklahoma; I. A. O’Shaugh- 
nessy, Globe Oil & Refining Company, 
St. Paul, Minnesota; L. H. Prichard, 
Anderson-Prichard Oil Corporation, Ok- 
lahoma City; Roland V. Rodman, Bay 
Petroleum Corporation, Denver; W. F. 
Sims, Panhandle Refining Company, 
Wichita Falls; J. W. Vaiden, Skelly 
Oil Company, Tulsa; W. W. Vandeveer, 
Allied Oil Company, Cleveland; J. W. 
Warner, Tidewater Associated Oil Com- 
pany, Tulsa; C. B. Watson, The Pure 
Oil Company, Chicago, and Rex H. 
Winget, Cushing Refining Division, Mid- 
land Co-op Wholesale. 


Socony-Vacuum Makes 
Operating Personnel Shifts 


Promotions in the operating personnel 
of Socony-Vacuum Oil Company have 
been announced following transfer of 
Howard Sheldon from management of 
the Paulsboro refinery to New York 
headquarters, where he has been named 
assistant director of Socony-Vacuum lab- 
oratories. Rea R. Jackson, general super- 
intendent of the plant of Magnolia Petro- 
leum Company, Beaumont, has _ been 
transferred to Paulsboro as general man- 
ager. At Beaumont, J. L. Heath has been 
promoted from assistant general super- 
intendent to general superintendent, and 
C. M. Fabian has been named assistant 
superintendent. 

Sheldon became a refinery engineer at 
Paulsboro in 1926 and three years later 
was transferred to New York as chemi- 
cal engineer, and in time became chief 
chemical engineer of the research and 
development department. In 1933 he re- 
turned to Paulsboro as chemical engineer 
and a year later was promoted to assist- 
ant superintendent. He became superin- 
tendent in 1943 and later that year was 
named general manager. 


Jackson had been with Magnolia Pe- . 


troleum Company since his graduation 
from the University of Texas in 1923. 


Trends of Operations and Changes in Stocks 


Figures on crude stocks are from Bureau of Mines weekly reports; all others from American 


Petroleum Institute weekly reports, which 


are estimates on Bureau of Mines basis. 


(All figures in thousands of barrels—add 000) 


















































Crude Oil Gasoline Gasoil and Distillate Residual Fuel 
Trends in Preduction| Runs to Stecks | Preduction| Stocks | Production} Stocks | Production| Stocks 
Week Ended Daily (Stills Daily) Week End| Weekly | Week End| Weekly | Week End| Weekly | Week End 
1946: 
January 26 4,626 4,553 220,544 13,622 101,737 5,720 29,498 8,411 39,722 
March 2 4,726 4,779 229,430 13,871 104,462 5,888 25,148 8,634 38,441 
March 30 4,425 4,684 224,904 13,296 104,715 5,337 28,240 8,738 37,746 
April 27 4,672 4,685 | 224,443 14,228 v 5,568 30,466 9,204 9,404 
ay 25... 4,759 4,857 222,214 14,322 95,769 5,463 32,973 8,908 . 
June 29... 4,957 4,854 223,883 14,500 92,333 5,325 37,762 8,828 46,447 
July 27... 4,926 4,896 223,758 14,535 88,626 5,817 44,316 8,217 49,517 
August 24. 4,836 4,866 225,672 14,639 86,251 5,649 51,405 8,126 52,061 
September 28 4,778 4,829 221,903 14,538 85,854 5,450 57,903 8,158 56,914 
October 26 4,730 4,758 221,184 , 86,423 5,710 65,499 7,728 60,872 
November 30 4,795 4,707 225,119 15,145 88,371 5,228 66,062 7,672 58,647 
fo s ber 28 4,713 4,968 226,111 15,604 93,126 5,931 58,941 8,181 53,427 
January 25 4,672 4,820 221,655 14,624 99,801 5,630 50,357 8,224 48,558 
February 22 4,786 4,860 224,580 14,668 103,904 5,929 40,739 8,542 44,919 
March 29.. 4,865 4,843 225,720 14,396 107,576 5,969 32,737 8,668 43,364 
176 


He served first as a chemist, later as a 
stillman and then foreman and as super. 
visor of processing in operations. He 
became’ general superintendent in 1936, 

Heath has been at the Beaumont plant 
since 1915 and has served in various 
capacities. In 1938 he was placed in 
direct charge of refining operations as 
process supervisor. He was named as- 
sistant general superintendent in 1944 

Fabian came to the Magnolia plant at 
Beaumont following graduation from 
Texas A. & M. College and service jn 
World War I in 1919. His duties have 
included chemist, process foreman and 
finally process supervisor in 1944. 


Brown Becomes Secretary 
National Petroleum Council 


James V. Brown has been selected to 
fill the post of secretary-treasurer of the 
National Petroleum Council, Washing- 
ton. For several years he has been in the 
Washington office of the Independent 
Petroleum Association of America as 
statistician and analyst. His other activi- 
ties during nearly 20 years of activity in 
the petroleum industry include secretary 
of the Petroleum Industry War Council’s 
production committee, and vice chair- 
man of the economics advisory commit- 
tee of the Interstate Oil Compact Com- 
mission. 


Phillips Announces ‘‘Nearer 
Natural’’ Synthetic Rubber 


Phillips Petroleum Company, Bartles- 
ville, Oklahoma, has announced an im- 
provement in butadiene-styrene chemical 
rubber, which “according to laboratory 
tests appears to be the equivalent to 
natural rubber in many important prop- 
erties.” The improvement is credited to 
the accomplishment of carrying out 
polymerization at extremely low tem- 
peratures. Further details are given in 
this part of the announcement: 

“Although the final answer will come 
only after gruelling testing of the tires 
from this new rubber, it appears that the 
chemists’ dream of the synthesis of a 
man-made rubber equal to, or better 
than, natural rubber for all sizes of tires 
is near realization, Although it has been 
recognized for some time that improve- 
ment in synthetic rubber is to be ex- 
pected from manufacturing processes 
carried out at very low temperatures, 
the practical attainment of that improve- 
ment has only recently been realized 
through the development of extremely 
rapid emulsion polymerization recipies 
for the production of rubber at such re- 
duced temperatures.” 


Texas Company Reveals 
Refinery Expansion Plans 


Plans for additional facilities, princi- 
pally for improvement of product quality, 
and also for some additional increase im 
capacities, were discussed in The Texas 
Company’s 1946 report to stockholders. 
The expansion and modernization pro- 
gram contemplates the following instal- 
lations: 

An East Coast refinery on the Dela- 
ware River, near Camden, New Jersey- 
This refinery is being designed for proc- 
essing of both domestic and foreign 
crudes: If materials are available, con- 
struction will start during 1947. Crude- 


_ charge capacity is planned to be 40, 


barrels per day. ; 
New lubrication oil equipment at Port 
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Arthur refinery, including a vacuum pipe 
still unit, an additional furfural refining 
ynit, and an additional solvent dewaxing 
unit which will substantially increase lu- 
bricating oil capacity of that refinery. 
Plant additions are either under con- 
struction or contemplated, at the com- 
pany’s Casper, Wyoming, refinery, at the 
West Tulsa, Oklahoma, refinery, and at 
the Lawrenceville, Illinois, refinery. The 
program includes crude units; fluid cata- 
lytic cracking units, and necessary aux- 
iliaries, and is mainly for the purpose of 
improving quality of manufactured prod- 


ucts. 


Indiana Makes Research 
Department Promotions 
John A. Bolt has been appointed as- 
sistant superintendent of technical serv- 
ces, research department, Standard Oil 
Company (Indiana), Whiting. He has 
been in the research laboratories since 
1930, when he joined the staff as a chem- 
st. Since 1944 he has been a group 
leader. Bolt did his undergraduate work 
at Calvin college, Grand Rapids, after 
which he did graduate work at the Uni- 
versity of Michigan, where he earned a 
master’s degree in chemistry. 

Four group leaders recently have been 
appointed in the research department at 


Whiting: David M. Bransky, D. E. 
Bruce, T. B. Tom and Lindsay M. 
Hobbs. 

John E. Swearingen, who has been a 


group leader at Whiting, has been trans- 
ferred to the staff of Stanolind Oil & 
Gas Company, Tulsa. He was succeeded 
by Carl W. Peters. 


Evans Named Director 
Shell Laboratories 
Dr. Theodore W. Evans has been 


appointed manager of the Emeryville, 
California, research laboratories of Shell 


DR. T. W. EVANS 


Development Company. He _ succeeds 
Walter J. Hund who died February 17. 

Dr. Evans joined the Emeryville staff 
as a research chemist in 1930. Previously 
he had attended College of Puget Sound 
in Tacoma and completed graduate work 
in chemistry at the University of Wash- 
ington where he was awarded Ph. D. 
He was active in the early development 
of alcohols, ethers, and esters from re- 
finery gases, and in development of the 
solvent extraction theory. Before the 
war he was pioneering in development 
of synthetic glycerin from petroleum. By 
1941 he was supervising all exploratory 
studies on new chemicals as well as re- 
search on their application in such fields 
as surface coatings and resins. He was 
appointed an associate director of re- 
search in 1942. 





Humble Gasoline Plant 
At Clear Lake Operating 


The Clear Lake gasoline plant of 
Humble Oil & Refining Company re- 
cently started processing 50,000,000 cubic 
feet of gas daily. A major project in the 
company’s gas conservation program for 
the Gulf Coast areas of Texas and Loui- 
siana, the plant will produce 36,000 gal- 
lons daily of liquid hydrocarbons. 


About 31,000,000 cubic feet of the total 
gas processed is casinghead gas from 
the Dickinson, Gillock, East Clear Lake, 
and Friendswood fields that was former- 
ly flared. The remaining 19,000,000 cubic 
feet is from gas wells in the Dickinson 
and Halls Bayou fields. Before comple- 
tion of the Clear Lake plant, this gas 
was produced directly into the com- 
pany’s Tomball Natural Gas System 
lines. Approximately 55 gas flares were 
ekminated when the plant started initial 
operation. 

Supplementing the Clear Lake plant 
proper is an 1800-horsepower compres- 
sor plant built in the Dickinson field to 
boost to line pressure the oil-well gas 
from the Dickinson and Gillock fields 


Other Projects 


A compressor station of 1600 horse- 
power was added in the North Crowley, 
Louisiana, field to make delivery of 
8,000,000 cubic. feet daily of dry gas from 
the field into transmission lines. The 
project completed in April. Compressors 
were added to the Lovell Lake plant to 
facilitate gathering and processing of an 
additional 4,500,000 cubic feet daily of 
gas, and to boost the pressure so that | 
the gas can be delivered into a transmis- 
sion line to the field. A 600 horsepower 
compressor was added to the Amelia 
field compressor station to inject casing- 
head gas from oil wells back into the 
ground at 2,600 pounds pressure. Nearly 
2,500,000 cubic feet of gas, formerly 
flared has been returned to the formation 
since December 1. 

Other casinghead conservation proj- 
ects built by the company since the war 
are the Hawkins project (East Texas), 





Humble Oil & Refining Company's Clear Lake gasoline plant which on March 14 started processing 50 million cubic feet of previously flared gas. 
This is one of several units in the company’s program of economically conserving casinghead gas in Texas. 
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Red Fish Reef, Texas, Chalkey, Louisi- 
ana, and Roanoke, Louisiana. 

Among the major projects built or 
under construction by the company is 
included a low-pressure system to proc- 
ess 8,000,000 cubic feet daily of casing- 
head gas at the Katy Cycling Plant; a 
casinghead gasoline plant at Anahuac to 
process between 35,000,000 and 40,000,- 
000 cubic feet of gas daily and recovery 
of 30,000 gallons of gasoline, which will 
be completed by mid-summer at a cost 
of about $2,500,000, and a joint construc- 
tion project by Humble Oil & Refining 
Company and Quintana Gas Company of 
a gasoline plant in the Tom O’Connor oil 
field near Refugio to process 35,000,000 
cubic feet daily of casinghead gas to pro- 
duce 36,000 gallons of liquid hydrocar- 
bons when it begins operation late this 
year. 


Shell Building Vacuum 
Flashing Unit at Wood River 


Construction has been started on a 
vacuum flashing unit which will process 
feed to the twin fluid catalyst cracking 
units of Shell Oil Company at -Wood 
River, Illinois. Overhead from topping 
units will be separated in this new unit 
of 35,000 barrels daily capacity. Details 
on the new unit were given in a recent 
news release as follows: 

“The flash tower, whose _ spherical 
construction makes it the most unusual 
feature of the unit, will have an inside 
diameter of 30 feet. Heat exchangers 

«will contain approximately 50 miles of 


/ 


tubes. In addition, 14% miles of 6-inch 
tubes will be built into two vaporizing 
type furnaces. A transfer line, carrying 
oil from the furnaces to the flash tower, 
will have an inside diameter of 4 feet, 
and a mixture of vapor and liquid will 
flow through it at a velocity of 280 feet 
per second. 

“Operating at 770° F. and 60 milli- 
meters, or 1.16 psia, the new unit: will 
flash 80 percent of the topped crude 
overhead. Extensive heat economy will 
be achieved by the use of heat exchange 
hetween the products and the crude 
feed, with over half of the heat tranfer 
to the oil being accomplished in the unit. 
After passing through the heat ex- 
changers, the feed will flow through the 
furnaces, and then through the transfer 
line to the bottom of the flash vessel. 
Here, it will enter a cycléne separator 
which will separate the vapor and liquid. 

“Since ordinary steel would be sub- 
ject to severe corrosion in such a unit, 
all lines and vessels which will be ex- 
posed to oil temperatures of 500° F. or 
over will be made of chrome molyb- 
denum alloys.” 

C. F. Braun Company holds the con- 
tract for engineering and construction. 


Michigan Refinery Starts 
Operating Small TCC Unit 


Leonard Refineries, Inc., has an- 
nounced completion at Alma, Michigan, 
of a new catalytic-cracking unit of the 
moving-bed type. This Thermofor unit 
has a design capacity of 3000 barrels per 
day and was especially designed for 
small-refinery operations. The unit in- 
corporates several improvements and 
simplifications, although the plant is sim- 


Sketch of recuum feshing unit being built by Shel! Oi! Company at Wood River refinery. 
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Recently completed TCC unit at Alma, Michi- 
gan, plant of Leonard Refineries, Inc. 











ilar in its principal design features to 
larger TCC installations. 

The new Leonard unit is compact in 
design, with the overall height substan- 
tially reduced and the structure consider- 
ably simplified. One important simplif- 
cation is an integral elevator design re- 
quiring only one elevator for both spent 
and regenerated catalyst. Utilization ol 
certain existing thermal equipment m 
converting the refinery from thermal to 
catalytic cracking provided substantial 
savings. 


Shell’s TXL Plant 


Under Construction 


Shell Oil Company is constructing 4 
gasoline plant in the TXL field of Ector 
County, West Texas, to process 40,000,- 
000 cubic feet daily of casinghead gas 
The plant is located a mile east of the 
new townsite of Notrees, and will obtain 
gas from the TXL and Wheeler Ranch 
fields. Residue gas has been contracted 
for by El Paso Natural Gas Company. 
Construction of the plant began in De- 
cember, with completion expected near 
the end of this year. Previously, gas ™ 
the fields has been flared. 

Eight 800-horsepower compressors 
will be used to compress the gas !0F 
processing. Electrical power will be sup- 
plied by three generators driven by 800- 
horsepower gas engines. Storage {acili- 
ties will handle 27,500 barrels. 

Clyde B. Gray will be plant super 
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Typewriter rib- 
bons... carbon 


Flotation 


disinfectants, oil and ; papers 


wax emulsions 


Oleic acid (Red Oil) is a versatile product fitted for 
important uses in many fields . . . uses for which 
there is no adequate substitute. In every case it is 
important to define the job to be done before select- 
ing the red oil with specifications to fit. For ex- 
ample, color may: not always be important but 
color stability frequently is. Lowest titre may be 
essential; on the other hand, regular titres may 


suffice. No matter, specifications are flexible enough 


to provide grades for every use. 






3002 Woolworth Building 
NEW YORK 7, N. Y. 
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INDUSTRIES, INC. 


CAREW TOWER + CINCINNATI 2, OHIO 
187 Perry Street 
LOWELL, MASSACHUSETTS 


STEARIC ACID + OLEIC ACID + ANIMAL AND VEGETABLE FATTY ACIDS + TWITCHELL PRODUCTS + PLASTICIZERS 





To advise on such problems is the function of the 
Sales Service and Development Departments of 


Emery. They are ready to help you. 


Emery Red Oils provide: 
Wider range of characteristics 
Standard grades for specific uses 


Uniformity in specifications 


*Elaine is the trade mark for all Emery Red Oils 


(Oleic Acids) 


401 N. Broad Street 
PHILADELPHIA 8&8, PA. 
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tendent, and Frank R. Lovering, super- 
visor of production in the fields. Oper- 
ating personnel will be housed in 30 
4-room houses in the plant camp, which 
will also include an office building and 
a combination dormitory and recreation 


hall. 


Two More Gasoline Plants 
Planned for West Texas 


Two additional gasoline plants have 
been authorized for West Texas. Sid W. 
Richardson and associates will erect a 
plant in the Keystone field, and Gulf Oil 
Corporation and others will provide the 
initial plant for Sand Hills field in Crane 
County. 

Richardson and have au 
thorized construction of a 70,000,000 
cubic foot daily capacity absorption unit 
to process casinghead gas. Residue will 
go to El Natural Gas Company 
and eventually to the California market. 

Gulf Oil Corporation has projected a 
23,000,000 cubic foot absorption plant for 
the Sand Hills area, with construction 
scheduled to begin in June. 


associates 


Paso 


Shell Expanding Houston 
Chemical Plant 


Shell Chemical Corporation is cur- 
rently embarked on an expansion pro- 
gram for its Houston plant which in- 
cludes facilities for the manufacture of 


several additional chemicals from petro- 


leum hydrocarbons, according to state- 
ments made by J. Oostermeyer, presi- 
dent, and W. P. Gage, vice president in 
charge of manufacturing, who were in 
Houston the week of March 3 for a semi- 
annual technical meeting attended by 
company engineers and technologists. 
New process units will be added for the 
production of synthetic glycerin, ethyl 
alcohol, isopropyl alcohol, acetone, 
methyl isobutyl ketone, and methyl] iso- 
butyl carbinol. Also subject to further 
development and expansion in manufac- 
ture and application is a soil fumigant, 
DD, dicholorpropane - dichloropropene, 
which is expected to find a large market 
in increasing the yield-per-acre of truck 


crops. 


F. J. Smith Heads Chemical 
Department of Pan American 
F. J. 


Smith has been named manager 
of the newly established chemicals de- 
partment of Pan American Refining 
Company, and with his assistant, J. F. 
Scott, has been moved from the com- 
pany’s Texas City refinery to New York 
W. T. Herget has been appointed a de- 
partment head in the Texas City plant 
and will be responsible for chemical 
manufacturing activities. 

The new department will manufacture 
petroleum chemicals which have been 
and will be developed through a pro- 
gram being carried on in the company’s 
Texas City research laboratory. These 
products will include aromatic solvents, 
plasticizers, resins, polymers, and mis- 
unsaturated intermediates 
products will be handled 
York office. 


cellaneous 
Sales of these 
from the New 


Lead Restrictions Lower 
Gasoline Quality Slightly 


Restrictions on the use of tetraethyl 
lead were reflected in the motor gaso- 
lines sold during the summer of 1946, 
but the quality of the products continued 
to be high with respect to octane ratings, 
the Bureau of Mines reported in a semi- 
annual survey of motor fuels. 

The survey showed that the average 
octane number of “premium” motor fuels 


sold last summer was 78.3, compared 


with 80.9 during the winter of 1945-46, 


and the average octane number of “reg- 
ular” gasoline last summer was 74.4, 
compared with 75.9 the previous winter 

Although the average ratings for the 
summer of 1946 were below the 1945- 
46 winter averages, they showed an im- 


provement over the summer of 1945 
when premium gasoline averaged 74.9 
and regular averaged 69.7 

Results of the 1946 summer survey 


are based on the analyses of 3,011 sam- 
ples collected from service stations in 
21 marketing areas throughout the coun- 
try. The samples, representing 113 com- 
panies, were obtained from 233 cities in 
40 states and the District of Columbia 

The survey of motor fuels, which was 
started in 1936, again was made in co 
operation with the Coordinating Fuel 
Research Committee of the Coordinat 
ing Research Council, Inc. 

A copy of the publication, Report of 
Investigations 4063, “National Motor- 
Gasoline Survey, Summer 1946,” may be 
obtained from the Bureau of Mines, De- 
partment of the Interior, Washington 
25, D. C. 
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Just two simple quick-acting clamp screws 
to loosen, and your diaphragm casing is off. 
Tight-sealing clamp ring eliminates multiple 
bolts completely. Duo-seal molded diaphragm 
lips are automatically self-sealing. 


67 years of control engineering “know how’”’ 
produced this revolutionary new KONTROL, 
MOTOR .. . featuring these design innova- 
tions: 


®@ Pressed Steel Diaphragm Casing... lighter an 
tougher, more durable. 

® Rigid Welded Steel Tubular Yoke. 

® Long calibrated Steel spring ... fully enclosed. 

® Enclosed ball bearing Spring. Adjusting Screw. 

® Streamlined Flow Valve Body with high capac- 
ity . . . unrestricted flow areas. 

®@ Super-finished Disc Guides, honed guide bush- 


ings, top and bottom... for minimum friction; 
increased life. 


Used with air operated instruments or auxil- 
iary pilot units, the K & M KONTROL 
MOTOR regulates the flow of steam, liquids 
or gases — efficiently and sensitively. Send 
us your control problems. We'll show you 
how the KONTROL MOTOR valves will 
solve them. Write for new KONTROL 
MOTOR bulletin. 


ONTROL citi. a aie 
[ELEY & UELLER |e ta sto 


Houston New Orleans Denver 
0 T 0 4 Los Angeles San Francisco Portland 


Philadelphia 














KIELEY & MUELLER, INC., North Bergen, New Jersey 
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Abstracts.of Papers Presented Before 


Division of Petroleum Chemistry, American Chemical Society 


Atlantic City, New Jersey, April 14-18, 1947 








Fundamental Studies on Separation of 
Hydrocarbons by Solvent Extraction. 
Henry |. Hibshman, Esso Laborato 
ries, Standard Oil Development Com- 
pany 

Interrelation of Dis 

Extraction and 


Therm dynamic 
tillation, Vapor-Liquid 
Liquid-Liquid Extraction 
lating the separation selectivities 
for distillation; beta, for liquid-liquid ex 


Equations re- 
alpha, 

} 
amma, for vapor-liquid 
thermodynami 


traction; and 
extractior aré derived 
cally. For separation of « 
which follow approximately the perfect 
solution and gas laws (such as hydro 
carbons) the relationship alpha X beta 

gamma is approximately true when 
the proper definitions of alpha, beta, and 
gamma are used. 


mponents 


of Hydrocarbons Accord- 
ing to Chemical Type and Molecular 
Weight by Solvent Extraction. Selectivi 
ties for separating hydrocarbons by va 
por-liquid and liquid-liquid extraction 
calculated from partial 
pressure data of pure hydrocarbons 
above a typical selective solvent, di- 
methyl phthalate. It was found that the 
boiling range of a mixture separable by 
a liquid-liquid process is roughly three 
times that separable by a vapor-liquid 
process and that the selectivities for sep 
arating hydrocarbons of equal boiling 
point according to chemical type (1) in- 
crease with boiling point, and (2) result 
in extraction in the following order: un- 
substituted aromatics (benzene, naphth- 
alene, etc.), alkyl-substituted aromatics, 
naphthenes, and paraffins. 


Separati T 


processes were 


Solid Solution Studies. Equilibria in the 
Binary System Cyclohexane-Methyl- 
cyclopentane,. M. R. Cines, N. D. Mac- 
Allister, and L. R. Fruit, Phillips Pe- 
troleum Company, Phillips, Texas 
Continuing the calorimetric study of 

solid solutions between hydrocarbons, 

this paper presents the solid-liquid phase 
diagram for the binary system cyclohex- 
ane -methvicyclopentane. Methylcyclo- 
pentane exhibits limited solid-solubility 
in cyclohexane; it is miscible with the 
higher-temperature stable form, £8, of 
cyclohexane and insoluble in the lower 
temperature form, a, The maximum con- 
centration of the solid solution is 40 mol- 
percent methylcyclopentane. The eutec- 
tic mixture, 88 mol-percent methylcyclo- 
pentane-12 mol-percent a-cyclohexane, 
melts at 144.5° ¢ 

With increasing concentration of solid 
solution, the temperature of the a-8 tran- 
sition of cyclohexane is lowered from 

—87.0° t 995° C. at the maximum 

concentration. Evidence for the existence 

of an invariant temperature, correspond- 
ing to a “peritectic,” at —99.5 is pre- 
sented. 

The heat effects accompanying phase 
transformations have been evaluated 
wherever possible. 
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Evaluation of Viscosity-Temperature 
Characteristics of Hydrocarbons. R. 
r. Sanderson, Beacon Research Lab- 
oratory, The Texas Company. 

Che evaluation of kinematic viscosity- 
temperature characteristics of liquids is 
based on a viscosity-temperature num- 
ber (V.T.N This is a number which 

shape of the kinematic 
temperature curve for, all 


ASTM vis- 


} ] 
designates the 


viscosity vs 
liquids which conform to the 
cosity-temperature equation, 

Simple relationships among viscosities, 
V.T.N.’s, the molecular weights of ho- 
mologous hydrocarbons are presented 
Che effect of structure on viscosity-tem- 
perature of pure hydrocarbons is evalu- 
ated by V.T.N. Methods of applying 
the same principle to calculating 
viscosities of multicomponent mixtures 
and of oil-V.1 blends are de- 


scribed 


basi 


limprover 


Analysis of Small Samples of Shale-Oil 
Naphtha by the Silica Gel Adsorption 
Method. G. U. Dinneen, C. W. Bailey, 
J. R. Smith, and John S. Ball, Petro- 
leum and QOijl-Shale Experiment Sta- 
tion, Larami 
\ method was developed for separat- 

ing a 10-ml. sample of shale-oil naphtha 
into (1) paraffins and naphthenes, (2) 
olefins, (3) aromatics, sulfur compounds, 
and nitrogen compounds. The method is 
based on the selective adsorption ol 
these groups of compounds by silica gel. 
Studies of adsorbabilities within these 
groups indicated that (1) relative ad- 
sorption of paraffins and naphthenes de- 
pends on concentration and molecular 
weight; (2) sulfur compounds are more 
strongly adsorbed than aromatics; (3) 
all nitrogen compounds used except 
pyrrole are more strongly adsorbed than 
the desorbent (2-propanol). With syn- 
thetic mixtures the method gave errors 
of less than 3 percent 


Adsorption. A new Tool in the Prepara- 
tion of High-Purity Hydrocarbons. 
Alfred E. Hirschler and Senta Amon, 
Sun Oi] Company. 

Mixtures of isomeric saturated hydro- 
carbons, including geometric isomers, 
can be separated by adsorption on silica 
gel or activated carbon, and to a small 
extent on activated alumina, Data are 
given on the separation of many binary 
synthetic mixtures, including paraffin- 
paraffin, paraffin-naphthene, and naph- 
thene-naphthene types. Most of these 
svstems give S-type isotherms on silica 
gel and U-type isotherms on carbon. The 
effect of hydrocarbon type on adsorba- 
bility is discussed. 

It is shown that many commercially 
obtainable and synthetic hydrocarbons 
may be obtained in high purity by ad- 
sorption. 2,3,3-trimethylpentane and 
2,2,3-trimethylbutane were obtained in 
better purity than was previously pos- 


sible by other methods. Its rather wide 
applicability, speed, and the use of very 
simple and inexpensive apparatus make 
adsorption one of the most powerful an 
convenient tools available for the separa 
tion and purification of saturated hydr 
carbons. 

It is pointed out that the results ob- 
tained can be reasonably explained 
terms of the Freundlich adsorption is« 
therm. 


Assembly and Testing of a 52-Foot Lab- 
oratory Adsorption Column. Separa- 
tion of Hydrocarbons by Adsorption. 
Beveridge J]. Mair, Andrew L, Babor 
ault, and Frederick D. Rossini, Na- 
tional Bureau of Standards. (API R 
search Project 0). 

This 


and testing of a large laboratory adsorp 


report describes the assemb 


tion column, having a_ stainless-ste« 
fractionating section 4-inch (1.9 cm.) 1 
inside diameter and 52.4 feet (16 meters 
in length, and containing silica gel 
(largely 200- to 325-mesh in size) as 
the adsorbent. The procedure of opera- 
tion, including regeneration of the ad- 
sorbent in place, is described. Results 
are given on the separation obtained wit! 
this column on (1) a synthetic mixture 
of n-dodecane, triethylbenzenes, and 1- 
methylnaphthalene, and (2) a sample of 
the kerosine fraction of petroleum. 

Data are also given on the fractiona- 
tion obtained in a glass adsorption col- 
umn, 0.4 inch (1 cm.) in diameter and 
26 feet (7.9 meters) in length, with the 
same silicia gel as the adsorbent, on bi- 
nary mixtures of hydrocarbons selected 
to disclose differences in absorbability 
arising from differences in molecular 
size and structure. 


Alkylbenzenes in the C, Fraction From 
Five Different Catalytic Petroleum 
Refining Processes. Anton J. Streifi 
and Frederick D. Rossini, National 
Bureau of Standards. (API Research 
Project 6). 

This report gives the results of the 
analysis, by measurements of freezing 
points of appropriate mixtures, supple- 
mented by analytical distillation, of th« 
four individual Cs alkylbenzenes (ethy!- 
benzene, o-xylene, m-xylene, and p-xy- 
lene) occurring in the product from the 
following five different catalytic petro- 
leum refining processes: (1) “hydroform- 
ing,” (2) ‘‘two-pass fixed-bed,” (3) 
“three-pass fixed-bed,” (4) “low-tem- 
perature fluid,” and (5) “high-tempera- 
ture fluid.” 


Alkylbenzenes in the C, Fraction From 
Seven Representative Crudes. Al- 
phonse F. Forziati and Frederick VD. 
Rossini, National Bureau of Stand- 
ards. (API Research Project 6). _ 
This report presents the results of an 
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Bigger Filters 
HE advantages of fewer filter units installed in big 


M-E-K Lube Plants are:— 


oA e E. K Lower installed cost 


More time on stream 
Lower operating costs 


PLANTS Less maintenance 


The newest General American Conkey solvent dewaxing 
— filter now being constructed is a BIG filter, General Ameri- 
can’s biggest to date — providing 625 square feet of filter 








surface in rotary drum 10° diameter by 20° long. 


This large size is practicable due to the Conkey structurally 
ribbed rotary drum construction which adds size option to 
the many other advantages of its design. 


Bulletin # 104, now in preparation, will outline other advan- 
tages of this largest size filter unit. Write for your copy 
which will be mailed when available. 


tneonal Umentcan 
TRANSPORTATION CORPORATION 


process equipment °¢ steel and alloy plate fabrication 

SALES OFFICE: 10 East 49th St, Dept. 900 New York 17, N.Y. 
WORKS: Sharon, Pa, East Chicago, Ind. 

OFFICES: Chicago, Sharon, Louisville, Orlando, Washington, D. C. 

Pittsburgh, St. Louis, Salt Lake City, Cleveland. 
















Other General American * 
Equipment * 
TANKS... * 

Crude @ Gasoline @ Propane » 
Butane @ Chlorine @ Acid 
Blending @ Mixing Water * 

TOWERS - 
Absorber © Flash * 
Bubble ¢ Pressure 
Vacuum ¢ Fractionating * 
DEWAXING FILTERS *x 
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STEEL PLATE FABRICATION 
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General American Conkey De- 
waxing filters installed in recently 
completed M.E.K. lube oil piant. j 
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analysis, by analytical distillation by the 
API Research Project 6, and by spectro- 
graphic examination by Socony-Vacuum 
Laboratories, Standard Oil Development 
Company, and Sun Oil Company, of the 
individual Cy alkylbenzenes (except 
1,2,3-trimethylbenzene) and of tert-bu 
tylbenzene occurring in the Cs fraction 
from the following seven representative 
crudes (A) Ponca; (B) East Texas; (C) 
Bradford; (DD) Greendale-Kawkawlin 
(E) Winkler, Texas; (F) Midway; (G) 


Conroc 


Hydrocarbons in the 102° to 108° C. 
Fraction of Petroleum. Augustus R 
Glasgow, Jr., Charles B. Willingham, 
and Frederick D. Rossini, National 
Bureau of Standards (API Researcl 
Project 6) 

Chis report describes the analysis of 

he hydrocarbons in the 102° to 108° C 

aromatic-free traction otf petroleun 


1 


which is shown to be composed substan 
tially of the following three compounds 
(normally boiling at the temperature in 
dicated): ethyleyclopentane at 103.5° ( 
1,1,3-trimethyleyclopentane at 104.9° ( 


) 2-dimethvihexane at 106.8° ( 


Separation and Determination of Aro- 
matics From High-Boiling Petroleum 
Fractions by Adsorption. M. R. Lip 


kin, W \. Hoffecker, ( ( Martin 

and R. E. Ledley, Sun Oil Company 

Chis paper describes a method for the 
determination of volume-percent aromat 
ics In petroleum fractions boiling above 
200" C. (400° F.). The method has beet 
tested on known blends of aromatic and 
saturated hydrocarbons separated fron 


ras oil and lubricant fractions, and 
proved to be accurate within 1 percent 
lhe sample is separated by silica gel 
into aromatic and nonaromatic fractions 


which may be used for further analvsis 


Che method classifies aromatic olefir 
with the aromatics and classifies non 
iromatic olefins with the. paraffins and 
naphthenes. Analyses of lubricant frac 
trons trom several crudes are showt 


Determination of Total Aromatics in 
High-Boiling Petroleum Cuts by UI- 
traviolet Spectrophotometry. Alden P 
Cleaves and Mildred E. Carver, Naca 


Aircraft Engine Research Laboratory 


\ method is presented for determinins 


the total aromaticitv of petroleum cuts 


that boil in the range from 200 t 


range tor which usual methods are suit 
ible his met] dis based on qual tita 
ultraviolet ab 
by the cut with that of a typi 


ive comparison otf the 


rption 


il unadulterat sample of the aro 
matics extracted t1 1 the cut with silica 
el. and isolate from the desorbents by 
listillation. The limitations on accuracy, 
irising largely in the extraction and con 


centration techniques designed to en 


plov simple apparatus and to avoid a 


' 
prolk nved., tedious procedure, were cle 
termined bv a eries f tests on syntl 
etic mixtures 

The method was applied to a 210° to 
365° C. cut of Hastings crude, and 
total aromatics were found to be 23 pet 
cent by volume. This value lies between 
the values for the same sample of 25.2 
and 20.2 percent by volume determined 
by silica gel fractionation and by ASTM 
method ES-45a, according to data re 
ceived from the Petroleum Experiment 
Station of the Bureau of Mines in Bart 
lesville 
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Spectrophotometric Evaluation of Lub- 
ricating Oils. G. L. Clark and K. J. 
Pipenberg, Department of Chemistry, 
University of Illinois, and T. W. Cul- 
mer, Ohio Oil Company. 

Continuing the study of the spectro- 
photometric evaluation of the stability 
and performance of oils, for which tech- 
niques and results have been published 
for quenching oils, successful application 
s made to a wide variety of lubricating 
oils. These include commercial oils 
heated under standard oxidizing condi- 
tions in the laboratory, oils from Under- 
wood tests, and oils from actual engine 
service. Characteristic optical absorption 
curves are correlated with many stand- 
ird chemical and physical tests—percent 
isphaltenes, percent carbon residue, pet 
ent chloroform-soluble and insoluble, 


percent petroleum naphtha-insoluble, 
copper-lead and cadmium-silver corro 


on, neutralization number, viscosity. It 
1 


demonstrated that the spectrophoto 


metric curves are a remarkably direct 
ind simple method of evaluation and 
pertormance predict n, integrating ina 
single measurement thie ther methods 


The Mass Spectrometer in Organic 
Chemical Analysis. R. C. Taylor, R 
\. Brown, W. S. Young, and C. F 


Headinetor | ( Atlantn Refining 
\ Wmpan 
Data are presente | | w that t] 
iss spectrometer can be used to an 
lw ze rod s from the reanic chem 
labor to! is well is tl S¢ tron 
( leun init ind iss iated indus 
‘ Kxampl are given of the analvsis 
wl 1] is et} el xide, ethy 
en ind n dioxide ilkvl iodides 
illp ti h cle , ethers, ane hy lr Cal 
ns: eylig ines wna water, ether, alcohol 
stems. The analysis cas samples as 
mall as 10 ( also are liscussed and 
lustrated hie jualitative analysis of 
1 olecuk r-wetl ht and organic com 
unds is mentioned, and some unique 
eature nass s metr en 


Mass Spectrometer Analysis of Some 
Liquid Hydrocarbon Mixtures. R. A 
Brown, R. ¢ Tavlor, F. W. Melpol 
ler. and W. S. Young, The Atlantic 


Refining Company 
\pplications ot the mass spectrometer 
ethod of analvsis to normally-liquid 
hydrocarbons in the ¢ to ( range are 
ussed. Accuracies attainable for in 
lividual inds in a number of dit 
ferent synthet mixtures are given and 
tvpit il il ily ses t S¢ veral hvdrocarbot 
tot 1 isoline boiling range art 
shown, It is ncluded that a substantial 
umber of* paraffins, cycloparaffins, and 
matics ¢ urring in this region may 
ve individually determined. Olefins and 


cl oletins, on the other hand, mav be 
determined individually only to a lim- 


ted extent at present 


Depolymerization of Butylene Polymers. 
IF G. Ciapetta, S. J. Macuga, and | 
N. Leum, Atlantic Refining Company 

depolymerization of Cs ho 
isobutylene and its co 

n-butylene has been stud 
ied with the object of making pure iso 
butylene. Attapulgus clay was found to 
he an excellent catalyst for this depoly 
merization producing a Cy, stream from 
homopolymers of better than 99 percent 
isobutylene. With various condimers as 

feeds, isobutylene concentrations of 90 

to 98 percent were obtained 
Mass spectrometer analyses of both 

gaseous and liquid products on two ex- 


Catalvti 
mopolyvmers of 


polymers with 


periments showed that carbon skeleton 
isomerization of the Cs olefins accompa- 
nied depolymerization, Evidence for the 
isomerization of 2,4,4-trimethyl-1 or 2- 
pentene into 2,3,4-trimethyl-1 or 2-pen- 
tene, 3,4,4-trimethyl-2-pentene into 2,3,3- 
trimethyl-l-pentene, and for changes of 
trimethylpentenes into dimethylhexenes 
was obtained. Explanations of depoly- 
merizations and isomerizations by the 
carbonium-ion mechanism are given. 


Selective Demythlation of Paraffin Hy- 
drocarbons. Preparation of Triptane 
and Neopentane. Vladimir Haensel 
and V. N. Ipatieff, Universal Oil 
Products Company. 

Branched-chain paraffin hydrocarbons 
react with hydrogen in the presence of 
a nickel or cobalt catalyst to give paraf- 
fins containing one less carbon atom and 
methane. The reaction involves the re- 
moval of specific methyl groups, since 
those attached to secondary carbon 
atoms are removed much more readily 
than those bound to the tertiary carbon 
atoms, while methyl groups attached t 
the quaternary carbon atoms are most 
stable. The reaction occurs within nar 
row ranges of experimental conditions 

Data are presented on the conversion 
ff mixtures of 2,2,3-trimethylpentane 
and 2,3,4-trimethylpentane to triptane, 
2,3-dimethylpentane, and 2,3-dimethylbu 

1 on the de 

methylation of neohexane to neopentane 
Che effect of operatins 

temperature 


tane. The results obtained 
] 
also are viven 
variables sucl is pressure, 


and space velocity 1s discussed 


Production of 2,3-Dimethylbutane by 
Alkylation. R. 8. Thompson and J. A 
Chenicek, [ niversal Oil Products 
Company 
\ process for the production of 2,3-di 

inethylbutane by the alkylation of is¢ 

butane with ethylene, using a_ liquid 
aluminum chloride-hydrocarbon comple» 
as the cataJyst and ethyl chloride as pr‘ 
moter, is described. The catalyst has 
life, 1s relatively imexpensive, at 
can ‘be maintained at constant activit 

level such, that high yields of 2,3-di 

methylbutane are obtained 
Total alkylate vields of 270 to 300 

weight-percent based upon ethylene con 
sumed are obtained containing 68 to 
volume-percent of 2,3-dimethylbutan 

The catalyst life is approximately 85 ga 

lons of total alkylate per pound of fres! 

aluminum chloride introduced from 


saturator to the catalyst as a solution 


the isobutane chara 

rhe following conditions are believ 
to be most desirable: a saturator tet 
perature of 160° F. or lower in ordet 
maintain catalyst activity at optimut! 
ilue, reactor temperatures 1n the rat 
110° to 140° | 
liquid phase 
percent ethyl chloride concentration, 1° 
to 25 minutes space time, and an isob 


ethvlene molar ratio of at le: 


Sutticient pressure ! 


operation, 0.5 to 2.5 m 


tane-t 
15 
The composition of the catalyst affects 
the vield and quality of alkylate p1 
duced. A satisfactory alkylate may | 
ybtained using catalyst with the foll 
ing range of composition: 17 to 13 pr 
cent aluminum, 50 to 42 percent cl 
ride, and 23 to 34 percent carbon 
Effect of Hydrogen on the Action of! 
Aluminum Chloride on Alkanes. V. \ 
Ipatieff and Louis Schmerling, Um 
versal Oil Products Company. 
Molecular hydrogen at superatmos- 
pheric pressure has a_ surprising 
marked effect on the action of alumint 
chloride on alkanes. When n-pentane !5 
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Laboratory test turnaces Ae/p Chase 
develop such special alloys as Anti- 
monial Admiralty to meet corrosion 


- - Se problems of the petroleum industry. 


CHASE annmowat aomratty* 


cuts annual heat transfer tube replacement costs! 





/OU can reduce your tube re- fewer tube replacements, and more 

placement costs considerably _ efficient operation. Yet you pay no 

with heat exchanger tubes of Chase more for Antimonial Admiralty 
Antimonia!l Admiralty. The reason: than for plain Admiralty tubes. 


Admiralty with the addition of Find out more about this patented 
Antimony offers much greater re- Chase copper alloy . . . about its 
sistance to dezincification. longer service life and tube replace- 
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OKADEE LOADING RACK 
VALVES are now distribut- 
ed exclusively by Chiksan 
Company and Chiksan 
Export Company. Oka- 


, o hs dee Valves have been 
“working on the rail- 

: road” for 50 years...and 

: serving the Petroleum 

; Industry for a quarter- 
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century. Thecombination 
of Chiksan and Okadee 
now makes possible uni- 
formly high standards in Loading Rack design and performance. 
CHIKSAN SWIVEL JOINTS have always been noted for their unobstructed 
inside diameter which permits full flow. Okadee Loading Rack Valves 
provide corresponding high capacity. In combination, they improve 
loading efficiency and substantially reduce loading time. Low pressure 
drop saves pumping costs. Non-shock closing prevents damage to 
equipment. Easy operation at all pressures gives the operator perfect 
control. Chiksan Ball-Bearing Swivel Joints provide full 360° rotation 
with low torque. There is nothing to tighten or adjust. You get ALL 
these advantages when you specify Chiksan and Okadee for Loading 
Rack service. Write for full details. 


CHIKSAN REPRESENTATIVES IN PRINCIPAL CITIES 


EXPORT REPRESENTATIVE: Chiksan Export Co., Brea, California 
Branches: New York 7, Houston 1} 





BALL BEARING CHIKSAN COMPANY 


SWIVEL JOINTS BREA, CALIFORNIA 
FOR ALL PURPOSES mew York 7 Houston | 
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heated with pure aluminum chloride at 
125° C. in the presence of hydrogen, no 
reaction occurs; if nitrogen is used in- 
stead of hydrogen, autodestructive alky- 
lation takes place, resulting in the for- 
mation of butanes, hexanes, and higher- 
boiling alkanes and in the conversion of 
the catalyst to a viscous red liquid. If, 
on the other hand, the reaction under 
hydrogen pressure is carried out in the 
presence of a promoter such as hydro- 
gen chloride or water, isomerization to 
isopentane occurs in excellent yield with 
virtually no side reaction, and the cat- 
alyst remains crystalline. 

Hydrogen does not prevent the auto- 
destructive alkylation of heptane and 
higher-molecular-weight alkanes in the 
presence of pure aluminum chloride 
However, if hydrogen chloride is added, 
destructive hydrogenation occurs and 
molecular hydrogen is consumed. This 
reaction has the advantage over auto- 
destructive alkylation in that it results 
in a higher yield of isobutane and a 
smaller yield of catalyst complex (lower 
layer). Morever, the catalyst complex 
formed in the presence of hydrogen is 
more active than that formed in its ab- 
sence indicating catalyst life. 


Isomerization of Paraffins. Nature and 
Control of Side Reactions. B. L. Ever 
ing, E. L. d’Ouville, A. P. Lien, and 
R. C. Waugh, Research Laboratories, 
Standard Oil Company (Indiana). 

In the isomerization of paraffins by 
means of AICI; activated by HCl, side 
reactions occur which tend to deactivat« 
the catalyst. Means are described by 
which these undesirable side reactions 
can be made practically negligible. Thes« 
means include the use of gaseous hydro- 
gen under pressure and the use of small 
amounts of aromatics or naphthenes 
Quantitative data on the effect of these 
side-reaction inhibitors in the isomeriza- 
tion of pentanes and hexanes are pre- 
sented. A new mechanism for isomeriza 
tion, explaining the results, is proposed 


Catalytic Conversion of Xylenes to Tol- 
uene by Hydrogen Fluoride. P. L 
Brandt, R. J. Lee, H. D. Radford, L 
H. Klemm, and P. S. Drennan, Pan 
American Refining Corporation, Texas 
City, Texas. 

The behavior of benzene-xylene mix 
tures and of xylene alone in the pres 
ence of hydrogen fluoride has been stud 
ied. Results obtained show substantial 
degrees of conversion of benzene-xylen 
mixtures to toluene under liquid-phas« 
conditions at temperatures above about 
100° C. and with quantities of hydroge: 
fluoride of the order of 200 weight-per 
cent based on hydrocarbon. Simultane 
ously produced are more highly methy!- 
ated benzenes. From xylene alone sim 
ilar products plus some benzene wer¢ 
obtained. Data are presented showin 
the effect of ratio of reactants, quantit) 
of catalyst, time, and temperature on tl 
vield of toluene. Consideration of the ex 
perimental results indicates that benzer 
participates in the reaction. 


Production of High-Cetane-Number 


Diesel Fuels by Hydrogenation. J. 
Tilton, W. M. Smith, and W. G 
Hockberger, Esso Laboratorie: 
Standard Oil Company of New Je: 
sey, Louisiana Division. 

Diesel fuels having cetane numbers 
above 70 and pour points below 30° | 
have been -produced experimentally b 
high-pressure destructive hydrogenatior 
of paraffin wax, petrolatum, paraffini 
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Solve Your Refinery Pumping Problems With 


PACIFIC PUMPS 


For nearly a quarter century, PACIFIC has concen- 
trated upon the design and construction of Centrifugal Pumps 
to meet the exacting requirements of the petroleum refining 
and allied process industries. The knowledge gained by this 
experience is reflected in the design and efficiency of each 


PACIFIC Pump. 





Whether ic be for general service pumping... or for 
the handling of light or heavy, corrosive or non-corrosive 
liquids at the highest pressures and most extreme tempera- 
tures ... there is a PACIFIC Pump designed and constructed 
from materials selected for the specific service. 


PACIFIC'S staff of experienced engineers are at your 


service. May we help solve your pumping problems? 
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PACIFIC Type ITB Hot Oil Pumps. Capacities from 
50 to 2700 g.p.m. Temperatures up to 850° F. 
Differential pressures to 2500 p.s.i. 





For Pumps designed to meet special oper- 

ating conditions /ook to PACIFIC 

For rugged performance, safety and low 

maintenance cost specify PACIFIC 
PACIFIC PUMPS, INC. 


HUNTINGTON PARK, CALIFORNIA 





PACIFIC Type SVC Pumps. Capacities from 15 to 
1600 g.p.m. Operating temperatures from sub 
zero to 800°F. Discharge pressures to 600 p.s.i. 


One of the Dresser Industries 


Offices in All Principal Cities. Export Office: Channin Bldg., 122. East 42nd St., New York 
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THERMALLOY 


TUBE BRACKETS and SUPPORTS 


HIGH CREEP - THERMALLOY cracking still installations retain 

STRENGTH load carrying strength at elevated temperatures 
with maximum protection against destructive cor- 
rosive gases. 


HIGH - THERMALLOY castings are distinguished by strict 
RESIDUAL adherance to exacting physical and chemical 
DUCTILITY specifications. 


CLOSE - HIGH STANDARDS of chemical and metallurgical 
DIMENSIONAL control, coupled with sound foundry practices 
TOLERANCES make THERMALLOY castings dependable. 


Other THERMALLOY still applications are — BEAMS 
and CHANNELS, HANGERS, HOT OIL PUMP 
PARTS, BURNER NOZZLES and TUBE SHEETS. 


AMERICAN 





ELECTRO-ALLOYS DIVISION 
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gasoil, and by saturation hydrogenation 
of Fischer-Tropsch diesel fuel synthe- 
sized with an iron-type catalyst. These 
fuels contain chiefly straight-chain hy- 
drocarbons having from 10 to 16 carbon 
atoms per molecule. Diesel fuels having 
cetane numbers of 50 to 55 have been 
produced by hydrogenation of virgin 
and catalytically cracked gasoil, both 
containing significant proportions of 
naphthene and afomatic hydrocarbons. 





| 


Production of Methylthiophenes From 
|  Pentanes and Sulfur. H. E. Rasmus- 
sen and P. P. Mellio, Socony-Vacuum 
Laboratories. 
| Reaction of butane with sulfur under 

specific conditions has been shown to 

produce thiophene. Under similar condi- 
tions iso- and n-pentane react to produce 

3- and 2-methylthiophene, respectively. 

The process consists of preheating the 
| pentane and the sulfur separately and 

reacting them at 900° to 1200° F. for a 
| period ranging from a few seconds to a 

few tenths of a second depending on the 

temperature. The optimum yield is about 

65 pounds of 3-methylthiophene from 

100 pounds of isopentane and about 60 

pounds of 2-methylthiophene from 100 

pounds of n-pentane 


Adsorption-Desorption Isotherm Studies 
of Catalysts. III. Nitrogen and Stearic 
Acid Adsorption by Supported Cata- 
lysts and Their Components. Herman 
E. Ries, Jr., Marvin F. L. Johnson, 
and John S. Melik, Research and De- 
velopment Department, Sinclair Re 
fining Company, East Chicago. 
Effects of supports on catalyst struc- 

ture were studied with cobalt catalysts 
supported on diatomaceous earth, ti- 
tania, and silica gel. Low-temperature 
nitrogen adsorption-desorption isotherms 
and stearic acid adsorption were deter- 
mined. The data indicate that the un- 
supported material consists of finely- 
divided essentially nonporous particles 
and that a somewhat similar structure 
is obtained by supporting the catalyst 
on a nonporous titania. However a fine 
pore catalyst structure of much greater 
area is obtained with a low-area diato- 
maceous earth support having large 
pores and an irregular structure. A high- 
area small-pore silica gel support also 
was studied 


Alumina and Alumina-Supported Cata- 

lysts. Electron Microscope Studies. P 

G. Nahin and H. C. Huffman, Union 

Oil Company of California, Wilming 

ton. 
The following materials are examined 
with the electron microscope: fresh hy- 
drous-gel Al.Os, gibbsite, baeyerite, boeh- 
mite, diaspore, corundum, B - “Al:Os;,” 
y- ALOs, 9- AlLOs, «- AlLOs;s, a gel alu 
mina catalyst support calcined at elevated 
temperatures, and fresh and thermally 
deactivated molybdena-alumina and co- 
baltia-molybdena-alumina catalyst. Som 
qualitative correlations among the elec 
| tron-optical, catalytic activities for hy 

droforming and _ hydrodesulfurization, 
| x-ray diffraction, and surface-area data 

are treated in a preliminary fashion. It 
is shown possible to distinguish betweet 
| the active and structurally deactivated 
states of the catalysts on the basis solely 
of particle size as revealed by electron 
micrographs. 


Vanadium Oxide, a Hydrogenation Ca- 
talyst. V. I. Komarewsky, L. B. Bos 
and J. R. Coley, Chicago. 

|  Olefinic hydrocarbons when subjected 
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“It’s easy to put lab fires out— 
if you catch them in time” 





Could a fire in your laboratory—starting as a small blaze 
—quickly flare up into a serious one? 

Ask a Kidde representative to show you how quickly 
and easily incipient lab fires can be smethered—with a 
Kidde Portable Carbon Dioxide Extinguisher! 

Talk to the Kidde representative, too, about other fire 
hazards in your plant. You may gain some helpful ideas 
from his thorough knowledge of fire protection prob- 
lems and extinguishing equipment. 

And you can be sure that the equipment he recommends 
—result of years of experience in design and application 
—will be fast and sure in action against electrical or 
flammable liquid fires—that it will be safe, non-corro- 
sive, non-damaging. Remember... carbon dioxide is 
deadly to fire, harmless to everything else! 


Walter Kidde & Company, Inc., 448 Main Street, Belleville 9, N. J. 


The word ‘‘Kidde'’ and the Kidde seal are 
trade-marks of Walter Kidde & Company, In 
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to the action of vanadium oxide-alum- 
inum oxide catalyst at 400° and atmo- 
spheric pressure were converted to the 
corresponding paraffinic hydrocarbons 
with approximately quantitative yields. 
Diolefins were also readily hydrogenated 
to saturated hydrocarbons under the 
same reaction conditions. No _ olefins 
were detected in the reaction product. 

Attempts to hydrogenate benzene with 
vanadium oxide have been unsuccessful 
to date at both atmospheric and high 
pressure (21 to 5 atmospheres) condi- 
tions. 

The space velocity proved to be a 
critical variable for the hydrogenation 
reaction; a value of 0.050 liquid space 
velocity was found to be the maximum 
without serious loss of efficiency. 


GAS AND FUEL CHEMISTRY 


The following abstracts are of papers 
included in the program of the Division 


of Gas and Fuel Chemistry: 


Thermal Efficiency of Coal Hydrogena- 
tion, Present and Future. L. C. Skin- 


ner, R. G. Dressler, C. C. Chaffee, S 


G. Miller, and L. L. Hirst, U. S. Bu- 


reau of Mines, Coal Hydrogenatio1 
Demonstration Plant Division, Louis 
iana, Missouri. 


The thermal effictency of an improved 


coal hydrogenation plant is discussed i1 


detail and the efficiencies are compared 


to a typical German hydrogenatio1 
plant. The new ideas and processes dis 
cussed are incorporated into a plant de 
signed for improved thermal efficiency 


The over-all heat efficiency of this plant 


is calculated to be 56.4 percent as con 
pared to 28.9 percent for a typical Ger 
man plant. The calculations are divide: 
into 3 sections: hydrogenation proper 
hydrogen manufacture, and power plant 
Detailed data are presented to verify th« 
results for each section. A compariso1 
is made with the German efficiency fo: 
the individual sections with the follow 
ing results: 

Improved German 


Plant Plant 
1. Hydrogenation proper 72.89 51.1% 
Hydrogen mfg. 8.5 27 
Power plant $2.5 42 
4. Over-all heat efficiency 6.4 28.9 


The calculations are based on 100 tor 
per hour of moisture ash-free coal 
hydrogenation proper with the followir 
material quantities involved 


Total coal charged (as received) 227.3 T/} 
Total coal charged (maf.) 194.7 T/! 
Total coal to hydrogenation (ma 100 T/?t 
Total coal to He production (maf 10.6 T/? 
Total coal to power plant (maf 54.1 T/t 
Gasoline produced 62 T/hr 
Liquefied fuel gases 13.3 T/?} 
Residuum fuel 11.0 T/} 
Elec. energy req'd 4,717 KW! 
Steam req'd. (net) 02,150 #/! 


Flow sheets are included for each se 
tion showing complete heat and materi: 
balances. 

The favorable increase in heat effi 
encies shown, being accompanied by 
considerable decrease in plant costs, i 
dicates the necessity for pursuing an a: 
gressive coal hydrogenation developme: 
study as a part of our national econom 
and security program 


Studies of the Fischer-Tropsch Synthe- 
sis. I. Tests of Cobalt Catalysts at At- 
mospheric Pressure. Robert B. Ande 
son, Abraham Krieg, Bernard Selis 
man, and Wm. E. O’Neill, U. S. Bi 
reau of Mines, Pittsburgh, 

The methods of preparation and test 
ing of a precipitated cobalt-thoria-mas 


nesia-kieselguhr (100:6:12:200) catalys 
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Just 25 miles southwest of Beaumont, Texas, is the gas- 





oline absorption plant of the McCarthy Oil and Gas 
Corporation. Here natural gas is gathered from the field, compressed 
and then put through an absorption plant where the natural gasoline 
is extracted. In this plant ten 8-cylinder (800 BHP) Clark Right 
Angle Gas-Engine-Driven Compressors are equipped with the proper 
compressor cylinders to give three stages of compression. 
McCarthy Oil and Gas Corporation selected these Clark units for 
their absorption plant at Winnie, Texas, after a thorough field investi- 
gation to determine the unit that was most applicable to their particular 


problem, especially in relation to: 


1. Reliability of operation. 2. Low installed cost per horsepower. 


3. Low operating cost, and 4, Low maintenance cost. 


For complete information on Clark Compressors and Clark Engi- 


neering service for any type or size of installation, write, wire or phone 


CLARK BROS. CO., INC., OLEAN, NEW YORK 


One of the Dresser Industries 


New York « Tulsa «+ Houston « Chicago «+ Boston «+ Washington 







Los Angeles « London e Caracas, Venezuela e« Bucharest, Roumania 




















COMPRESSOR PROGRESS 


ONE OF THE DRESSER INDUSTRIES 
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YARWAY STRAINERS are selling by the 
thousands because they are better engi- 
neered for the service. 

“The Screen is the Thing” —a high-grade, 
woven Monel wire screen that stops the 
dirt, lets fluids flow freely. 

Then, too, purchasers like the body finish 
—Cadmium plated for Protection 
Against Corrosion and for Better 











A ppearancee. 





And last but not least, itis “Easy to Clean” 





having a steel blow-off bushing, precision 
machined with straight thread. Screen and 
bushing come out together—go back to- 
gether, automatically aligning. 

Six sizes, 42" to 2” for pressures up to 
600 Ib serve practically all strainer needs. 


Sold by over 100 Mill Supply Houses. See your 
Supply House or write for Bulletin §-201, 


YARNALL-WARING COMPANY 


128 Mermaid Avenve PHILADELPHIA 18, PA. 


STRAINERS 





is described. Usually tests with the sante 
preparation of catalyst were quite repro- 
ducible, but tests with different catalysts 
prepared in the same manner showed 
very much wider deviations. Pelleted 
catalysts were shown to produce more 
light hydrocarbons and carbon dioxide 
than granular catalysts. Liquid hydro 
carbons containing less than 6 percent 
dissolved wax comprised about 75 per 
cent of the total hydrocarbons formed 
in these tests at atmospheric pressure 
Experiments were made in which the 
flow of synthesis gas was varied witl 
the temperature adjusted to give the 
same degree of conversion. Under thes« 
conditions the degree of unsaturation in 
creased with increase in flow. Except 
for the change in unsaturation, the prod 
uct distribution was not significantly dif 
ferent up to temperatures of .207° ( 

Overall activation energies of 24 to 26 
keal. per mol were found for the syt 

thesis. The reaction mechanism and rat 

law of the synthesis is discussed brief) 


Effect of Various Catalysts on the Hy- 
drogenolysis of Coal, M. Pelipetz, | 
M. Kuhn, S. Friedman, and H. H 
Storch, U. S. Bureau of Mines, Pitts 
burch. 

The liquid product resulting from t 
primary liquefaction of coal is of co1 
plex structure and consists of materials 
that are liquid at atmospheric condition 
Contained in this liquid product are di 
solved and suspended semisolid and sol 
matter, the amount of which depends 
upon the degree of coal hydrogenatio1 
The n-hexane-soluble fraction of thi 
coal hydrogenation product is largely 
distillable and represents the most valu- 
able product of coal hydrogenation. The 
fraction insoluble in n-hexane, but solu- 
ble in benzene, is undistillable and is of 
an asphaltic nature. 

The experimental data presented show 
that asphalt is produced in the first step 
of coal cleavage, and with the progress 
of hydrogenolysis can be quantitatively 
reduced to form n-hexane-soluble mate- 
rial. Elimination of asphalt from the pri- 
mary product of coal liquefaction was 
considered as the main object of this 
investigation. 

It was expected that selected catalysts 
would be active in promoting hydro- 
genolysis of asphalts, the sluggish step 
in coal liquefaction, In the course of in- 
vestigation it was found that Zn-Sb cata- 
lyst has the outstanding property of low- 
ering the asphalt content, especially at 
low reaction temperature. Since tin 
proved to be one of the best catalysts 
in the primary cracking of coal, and 
Zn-Sb alloy showed activation in hydro- 
genolysis of asphalt, the idea of com- 
bined tin and Zn-Sb catalyst was con- 
ceived and tried. 

The experimental results presented 
show that: 

I. A combination tin and Zn-Sb cata- 
lyst enhances the hydrogenolysis of as- 
phalt to a greater degree than Zn-Sb 
alloy alone and at the same time acti- 
vates the primary cracking of coal 
the same extent as tin alone. 


to 


II. Increasing the amount of the com- 
bined tin and Zn-Sb catalyst to 2 per- 
cent fails to improve materially the de- 
gree of coal liquefaction. 

III. The presence of a vehicle or sol- 
vent in coal hydrogenation is undesir- 
able in that larger amounts of asphalt 
appear in the product than when 10 
vehicle is used. 
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Inner Tubes came from 


ERE are some pictures of the huge R. F. C. 
Butyl Rubber Plant operated by Humble 
Oil Company at Baytown, Texas. They show 
how Taylor air-operated controllers and pneu- 
matic transmission systems have been helping 
more than half of all America’s 


to produce 
Tubes of butyl rubber are of such 


butvl rubber 
excellent quality that they may continue to be 
made even after ample supplies of natural rub- 
ber are again available. 

90% of that network of pneumatic 
control 


transmission lines on the 


room roof connect Taylor transmit- 
ters ON processing equipment to Tay- 
yr receivers on the central control 
panel below. On this panel (only a 


corner of it 1s showing) process en- 











Photos courtesy of Standard Oil Company (N. J.) 


April, 1947—A Gulf Publishing Company Publication 










gincers can check at a glance the operation of 
any part of the butyl process. 
This is a swell example of the kind of job 


Bac ’* - ° 
Taylor Accuracy’’ does for the synthetic rub 


ber, petroleum and the chemical industries— 
and the kind of job we would like to do for you. 

Write for Bulletin 98156, just off the 
press. Shows complete details.of Taylor pneu- 
matic transmission systems, including data on 
new Taylor “Transet’ which re- 
duces panel space and makes control 
even more precise. Taylor Instrument 
Companies, Rochester, N. Y., or 
Toronto, Canada. Instruments for in- 
dicating, recording and controlling tem- 
perature, humidity, flow and 


liquid Level. 


pre SSUre , 
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SCIENCE AND TECHNOLOGY 


ABSTRACTS 


prepared in cooperation with 


PETROLEUM REFINER 
by 
THE LESLIE LABORATORIES 


Traver Road, Ann Arbor, Michigan 
under supervision of 


DR. E. H. LESLIE and DR. H. B. COATS 


journals are not included. 


cost by the Laboratories. 








Fundamental Physical and Chemical Data 





Phase Equilibria in Hydrocarbon Sys- 
tems. H. H. Reamer, K. J. Korpt, PB. H. 


SAGE AND W. N. Lacey. Ind. and Eng 
Chem., 39 (1947) pp. 206-9. 
The volumetric behavior of four ex- 


perimental solutions of methane and n- 
butane, approximately evenly spaced as 
to mol fraction, was studied at seven 
temperatures from 100° to 460° F. and 
at pressures from 400 to 10,000 psia, in 
order to supplement previous measure- 
ments made on this system. Experi- 
mental data, interpolated to even values 
of pressure, are presented in tabular 
form as molal volumes and compressi- 
bility factors. Diagrams illustrating the 
behavior in some regions are included, 
and the new data are compared with 
those secured by another group of ex- 
perimenters. A bibliography of 11 refer- 
ences is included. 


Structural Determination of Paraffin 
Boiling Points. Harry WIENER. Jour. Am. 


Chem. Soc., 69 (1947) pp. 17-20. 
The boiling points of organic com- 
pounds, as well as all their physical 


properties, depend functionally upon the 


Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research 
Foundation, 33rd, Federal, and 


Dearborn Streets, Chicago 16, Illi 
nois, has received urgent requests 
for the chemicals listed below. If 
anyone one or more, even if 
only one gram quantities, 
inform the Registry 
lrihexylamine 
Mercuric metatellurate 
1-Methylanthracene 
N,N-Dimethyl-o-phenylene 
diamine 
Pentamethylene diamin« 
Fenchyl alcohol 
Tetramethylene diisocyanat: 
p-Diethylaminoanilin 
Molybdenum hexafluoride 
Ruthenium tetroxide 
Osmium octafluoride 
Hexamethylacetone 
5-Chloropentanone 
m-Ethyltoluene 
Diphenyl hydroxylamine 
Dimenthylhydroxylamine 
1,2,3,4-Tetrachlorobenzene 


has 
please 


Methylisopropylcyclopentanes 
Methylethylcyclohexanes 
1-Butyne 

1-Penten-4-yne 
2,3,5,6-Tetramethylbenzaldehyde 





arrange- 
With- 

num- 
and 


number, kind and _ structural 
ment of the atoms in the molecule. 
in any group of isomers, both the 
ber and kind of atoms are constant, 


variations in physical properties are 
caused by changes in structural inter- 
relationships alone. A method for calcu- 


lating the boiling points of the paraffin 
hydrocarbons is presented. This is ap- 
plied to hydrocarbons from butanes to 
decanes and the results are given in 
tabular form. A complete set of the pre- 
dicted boiling points for all of the 
nonanes is given in one table and this 
table and second presents the boiling 
points for the decanes. 


An Improved Flow Calorimeter. Ex- 
perimental Vapor Heat Capacities and 
Heats of Vaporization of n-Heptane and 
2,2,3- Trimetiyebutene. Guy WADDINGTON, 


saNom. Topp AND HucH M. HUFFMAN. 
Jour. pay ( ‘hem. Soc., 69 (1947) pp. 22-30. 
U. S. Bureau of Mines has instituted, 


as part of its thermo-dynamic-research 
program, a project for the development 
and application of accurate methods for 
determining heat capacities of hydro- 
carbon vapors and their derivatives. The 
present paper describes the apparatus 
and experimental procedure now in use 
and presents molal heat capacities and 
heats of vaporization for n-heptane and 
2,2,3-trimethylbutane. The apparatus 
used and the method of of measurement 
are described in detail. Data are pre- 
sented in tabular and graphical form. It 
is believed that the measurements are 
accurate to within 0.1 percent. For 





The abstracts here presented are selected from the current 
literature of science and technology to afford reference to 
fundamental information not easily available to all readers. 
Abstracts of articles appearing im readily obtainable trade 


Photostat copies of original articles will be supplied at cost 
by The Leslie Laboratories. Complete or limited bibliographies 
covering special topics by title, by abstracts, or in complete 
manuscript, will also be prepared and furnished at reasonable 












n-heptane the heats of vaporization re- 
ported at 90.48, 77.33 and 58.00° are 
7715, 7938 and 8244 cal./mol respectively, 
and those for 2,2,3-trimethylbutane at 
80.80 and 40.68°, 6918 and 7461 cal./mol. 


The Vaporization of Fuels for Gas 
Turbines. Part I. The Bubble-Points and 
Dew-Points of Liquid Hydrocarbon 
Fuels. B. P. Mutirns. Jour. Inst. of Pe- 
troleum, 32 (1946) pp. 703-737. 

The work on vaporization of gas-tur- 
bine fuels has been divided into two 
parts, first the bubble-points and dew- 
points of liquid-hydrocarbon fuels, and 
second, the heat quantities required to 
vaporize these fuels. The present paper 
deals with the first part of the problem. 
The search for new and improved gas- 
turbine combustion chambers naturally 
turns towards systems with perfect fuel 
atomization, an ideal that can be realized 
by pre-vaporization of the fuel. The 
author reviews the methods that have 
been used in the past 25 years for deter- 
mining the bubble-points and dew-points 
of liquid hydrocarbons and applied these 
to standard fuels. Some practical deter- 
minations involving the preparation of 
“equilibrium solutions” were undertaken. 
Finally a theoretical method for calcu- 
lating bubble-points and dew-points, de- 
pending on a knowledge of the true boil- 
ing-point distillation curve of the fuel in 
question was developed and applied to 
standard fuels. 

The calculations cover a static pres- 
sure range of 10° to 10 atmospheres and 
have been extended to air-fuel ratios of 
0:1 to 20:1. The results for an aviation 
gasoline, a kerosine, and a gasoil are 
given in the form of nomograms. A 
bibliography of 62 references is included. 





Chemical Compositions and Reactions 





The Nitrogen Compounds in Petro- 
leum Distillates. XX VI. Confirmation of 
Presence of Bx-tetrahydroquinolines in 
California Petroleum, P. L. PicKarp AND 
H. L. Locute. Jour. Amer. Chem. Soc., 69 
(1947) pp. 14-6 

In continuing the 
nitrogen compounds 
fornia petroleum, the 230-232° C.-boiling- 
range material was investigated. The 
methods used in the work are described. 
\ CuiHuN base was isolated. Ultraviolet 
absorption studies indicate that the nat- 
ural C;HisN base is an alkylated Bx- 
tetrahydroquinoline, thus confirming the 
presence of this type of base in petro- 
leum,. 3-Cyclopentyl-5-methylpyridine 
were synthesized and shown to be dif- 
ferent from the CuHiuwN base isolated 
from petroleum. 3-Ethyl-5-methylpyri- 
dine were synthesized and shown to be 


study of the basic 
present in Cali- 








identical with the CsHuN base isolated 


from petroleum. 


Decenes Formed from t-Amyl Alcohol 
and from 2-Methyl-2-butene. Composi- 
tion of the Hydrogenated ‘Products. 
a C. Jounson. Jour. Amer. Chem 

Soc., 69 (1947) pp. 146-9 

The author notes that although the 
formation of decenes from t-amyl, i-amyl 
and optically-active amyl alcohol and 
also by the dimerization of isopentenes 
in the presence of catalysts has been 
studied for a century, there still exists 
doubt as to the structures of the result- 
ing decenes. The work of which the 
present paper is a report was undertaken 
to establish decene structures more denh- 
nitely. In these studies decenes were 
formed from t-amyl alcohol in the pres 
ence of sulfuric acid and from 2-methy!- 
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On tnousands of applications in every field of manufacture, stepless la 
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. . for every operator . . . and for each change in the 
consistency or shape of the material being processed. Such variable 
speed operation pays off in higher rates of production, a more 
uniform better quality product and more efficient performance of 
your equipment and your operators. 

Master Speedrangers provide this infinitely variable speed in a 
compact, all-metal, mechanical variable speed unit whose durability 
and stamina has been proven with millions of hours of service all over 
the world. And nowhere else will you find units that are so flexible, 
: a easily adaptable and in such a wide range of sizes. 

Fo. example, look at the ring grinders shown below. The Speed- 
ranger, o. the drive unit incorporates an electric brake, an electric 
motor. u variable speed unit and a gear reduction... all standard 
aaster units that ecsily combine into one compact, integral power 
package. This provides exc-tly the right speed, the right features, in 


a unit that you can mount right where you want it. 


Probably you will not need this same combination of teu!=res. IT PAYS 
However, the next time you need a drive for material processing, . 
handling, and conveying equipment; mixers and agitators; welding- 

prsitioners; machine tool drives; testing and calibrating equipment 

... te name only o few . . . see what a really remarkable job Master 

Speedrangers can do for you. Write for Data 7525, the new twenty- 


four page booklet on Speedrangers. 


THE MASTER ELECTRIC COMPANY + DAYTON 1, OHIO 
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SPEEDRANGERS 





variable speed operation assures exactly the right speed for every a — 
operation . 














IDEALLY SUITED 
FOR EQUIPMENT 
OPERATING AT A 
MINUS PRESSURE 


PRINCO’S 
PERFECTED 
DESIGN 


Avoids Mercury Column Contamina- 
tion — Dual protection of a condensation 
trap and special reservoir construction 
keeps mercury column free from dirt, air, 
moisture or other contaminating elements. 


Prevents Air Entrapment — No inac- 
curacies from air bubbles in the gauge 
tube. PRINCO design keeps air ouf, 
mercury in. 

Eliminates Barometric Pressure Cor- 
rections — PRINCO Absolute Pressure 
Gauge is direct reading. After initial cali- 
bration at the factory no further compensa- 
tion for atmospheric pressure is necessary. 


PRINCO’S INDIVIDUALLY 
CALIBRATED SCALES 


Assure maximum accuracy. Every scale 
is individually calibrated by a skilled instru- 
ment maker * comparison with a specially 
designed high precision standard gauge. 
The Scale of the PRINCO Absolute Pres- 
sure Gauge covers a range of |8"'*to 30" 
of vacuum in terms of mercury column, or 
inversely, 0" to 12" of absolute pressure 
lin terms of mercury), or 0 to 6 p.s.i. ab- 
solute pressure. Gauges can be supplied 
with a combination of any two scales of 
the three. 
PRINCO Absolute Pressure Gauges are 
ideally adapted for almost any equipment 
operating at a minus pressure, such as tur- 
bine condensers or exhaust hoods and other 
condensing and evacuating equipment. 
Serd complete specifications with your 
order, or write for Bulletin "D" for prices 
and additional information, 


COMPANY 






PRINCO 


moestaRy 


PRECIQION INSTRUMENTS FoR 


1417 Brandywine Street, Philadeiphia 30, Pa. 
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2-butene in the presence of an alumnia- 
silica catalyst. The procedure for investi- 
gating the structures comprised the 
hydrogenation of the decenes to decanes 
and the subsequent analysis of the de- 
canes, by efficient fractional distillation 
accompanied by determination of the 
physical properties of the fractions. It 
was concluded that the decanes formed 
by hydrogenating the decenes made from 
t-amyl alcohol in the presence of sulfuric 
acid below 75° are 2,2,3,4-tetramethylhex- 
ane and 3,3,5-trimethylheptane together 
31.1 percent by volume; 2,3,4,4-tetrameth- 
ylhexane 36.9 percent; 2,3,3,4-tetrameth- 
ylhexane 30.3 percent; 2,3,4-trimethyl-3- 
ethylpentane 1.7 percent. The decanes 
formed by hydrogenating the dimer of 
2-meth¥l-2-butenes formed in the pres- 
ence of an alumina-silica catalyst at 
110° C. are mostly 3,3,5trimethylheptane 
with lesser amounts of 2,3,4,4-tetra- 
methylhexane and 2,3,3,4-tetramethyl- 
hexane. Physical properties of five de- 
canes and one dodecane are reported. 


Monoalkylbenzenes by Vapor-Phase 
Alkylation with Silica-Alumina Catalyst. 
\. A. O’ Ke Ly, J. KELLETT AND J. PLUCKER. 
Ind. and Eng. Chem., 39 (1947) pp. 154-8. 

Studies were made of the alkylation 
of benzene with olefins, such as ethylene, 
propylene, and propylene-propane mix- 
tures for the formation of ethylbenzene 
or of cumene. The alkylation was 
ducted in the vapor phase over a silica- 
alumina catalyst by both batch and con- 


con 


tinuous methods. Catalysts were of the 
type used in commercial catalytic crack- 
ing. The utilization of ethylene was 
found to be favored by increased re- 
action time, increased temperature, and 
increased molar ratio of benezene t 
ethylene. Small amounts of polyethy)l- 
benzenes produced can be recycled in 
the charge stream to give increased 
yields of monoethylbenzene based on 
ethylene and benzene consumed. The 
catalyst indicates long life and sustained 
activity under the conditions used. A 
cyclic operation such as is used in cata- 
lytic cracking is adaptable to the pro- 
duction of monoethylbenzene in whicl 
air regeneration of the catalyst is carried 
out at temperatures in the same range 
as the reaction temperatures. A flow dia- 
gram is presented of the continuous low- 
pressute alkylation unit. Experimental 
data are presented in detail in tabular 
form and a bibliography of 17 references 
is included. 


The Synthesis and Physical Properties 
of Tetraethylmethane. A. WESLEY Hor- 
ron. Jour. Am. Chem. Soc., 69 (1947) py 
182-3. 

three-step synthesis of the nonane- 
tetraethylmethane is given and the prin- 
cipal properties determined experiment- 
ally on a carefully purified sample ar 
reported. Empirical equations are giver 
relating molecular structure to boiling 
point, density, and refractive index { 
the symmetrical series (CHs)42C(C:H; 
are presented. 





Manufacture: Processes and Plant 





Batch-Distillation Nomograph. MeEL- 
vin Norv. J/nd. and Eng. Chem., 39 (1947) 
p. 232. 

In the theory of simple batch distilla- 


tion of binary solutions Rayleigh’s equa- 
tion applies. In this x: and x2 are the mol 
fractions (or weight fractions) of the 
light component in the original charge 
and the residue. In order to solve the 
equation for xX; or Xs, a trial-and-erro1 
solution is necessary. It is possible, how- 
ever, to construct a nomograph that will 
solve these equations without trial and 
error. The author presents such a nomo- 
graph and ~ sala its application to a 
particular problem. If more precise re- 
sults are dealied than can be obtained 
with a nomograph of moderate size, the 
values obtained by use of the nomograph 
can be used as those of the first approxi- 
mation in a trial-and-error solution. 


Naphthas from Fluid Catalyst Crack- 
ing. ©. E. Starr, jr, J. A: TILTON AND 
W. G. Hocxsercer. /nd. and Eng. Chem., 
39 (1947) pp. 195-202. 

The compositions of naphthas derived 
from cracking with fluid catalyst vary 
within wide limits depending upon 
changes in the operating conditions, 
types of catalyst employed, and the feed 
stocks used. In the present article the 
compositions of nine naphthas are given 
to illustrate the types of products ob- 
tained at low and high cracking tempera- 
tures, employing clay and synthetic cata- 
lysts with several paraffinic and naph- 
thenic feed stocks. Naphthas from naph- 
thenic feed stocks are characterized by 
high yields on feed together with high 
aromatics concentrations; yields of tolu- 
ene and C, aromatics are higher than are 
obtained by cracking paraffinic-type feed 
stocks under comparable conditions. 
Yields of naphthenes and cyclo-olefins 
tend to be higher in naphthas from naph- 
stocks, but yields of Cy-C; 


thenic feed 


paraffins and olefins are reduced. The 
data show that a number of valuabl 
hydrocarbons, such as toluene, are pres- 
ent in the cracked naphthas to an extent 
that makes recovery feasible. Using 
fluid-catalyst cracking for the producti 
of high-quality fuels also permits th 
concurrent production of a number 

hydrocarbons that are individually valu 
able as raw materials for chemical mant- 
facture, as for example, isobutane, isc- 
butylene, normal butenes, which are em- 





ployed in alkylation processes for 
production of aviation fuels of high o 
oo number or in chemical processes 
for the manufacture of synthetic rubber 
The data secured in the work are prt 
sented in 9 tables and a bibliography) 
13 references is included. 


Optimum Dilution in Viscous Liquid 
Filtration. E. J. Reeves. Ind. and En 
Chem., 39 (1947) pp. 203-6. 

The viscosity of a liquid subjected 
filtering operations is one of the ma) 
factors governing filtering rates. If a 
other variables are constant, the rate | 
filtration is inversely proportional to U 
absolute viscosity of the filtrate. Th 
problem resolves into how to increas 
the amount of solvent-free material " 
the filtrate. The optimum dilution is « 
termined normally on the basis of plat 





experience; however, it can be calcu 
lated mathematically from the know 
properties of the involved materials. 4 
useful relationship is derived for calct- 
lating optimum dilution in viscous liqui 
filtration. This relationship is based © 
an empirical equation that was develope 
for expressing the viscosity of the BD 
trate as a function of the solvent dilv 
tion. By use of the mathematical eqvé 
tion the method can be adapted to dilu 
tion filtration of any viscous liquid 

served and calculated data are in g0 
agreement. The feature is illustrated ! 
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THE TURBINE 


THAT WORKS FOR YOU 


LIKE A JEEP 


Small, but powerful . . . like a jeep. 
That’s the Coppus Steam Turbine that 
you see around so many places powering 
pumps, blowers, fans, stokers and other 
equipment requiring a steady, sturdy 
source of small HP. 


The Coppus line of “Blue Ribbon’”’ 
turbines runs from 150 HP down to 
fractional — there are six frame sizes, 
and prices are in proportion. You can 
match a Coppus turbine to the job, 
saving the money you might otherwise 
spend for a turbine that’s larger than 
necessary. 


You'll see Coppus “Blue Ribbon”’ 
Steam Turbines on many nationally- 
known types of equipment. Manu- 
facturers of that equipment know the 


quality that is represented by the Cop- 
pus “Blue Ribbon’? — more than 85% 
of all orders since 1937 has been repeat 
business. 


Select the right size of Coppus turbine 
for any job that calls for “‘jeep duty”’. 
Like all Coppus ‘“‘Blue Ribbon”’ prod- 
ucts (blowers, ventilators, gas burners, 
etc.), they are made to extremely close 
tolerances with accuracy controlled by 
Johansson size blanks. Before ship- 
ment, every turbine is dynamometer- 
tested. 


Write for Bulletin 135-10. Coppus 
Engineering Corporation, 244 Park Ave- 
nue, Worcester 2, Mass. Sales offices 
in THOMAS’ REGISTER. Other Coppus 
“Blue Ribbon”’ products in SWEET’S. 


ijt 
i 


“ANOTHER | 


COPPUS 


“BLUE RIBBON” PRODUCT 
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Stainless steel condenser 20 

* inside diameter — 17°6" long. 
~ 
6 Fractionating columns complete 14” silicon 

with bubble trays and caps. bronze refin- 
e (Steel 5'6” dia. x 120’ long) on Piping. 
° Rieauen 
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* 
» SPECIFICATIONS 
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"- Cat enough 
* Nooter Engineering Fabrication 
* . 
, Goes Beyond Structural Exactness 


e@ Nooter’s advanced, 











complete facilities for processing equipment 


fabrication—plus more than fifty years experience and generations 


of skilled craftsmen assure you of more than exact compliance to 


® your specifications. Over and beyond this, Nooter engineers with 


their technical knowledge of metal properties and behaviors make 


s 
certain that your equipment will be of utmost functional efficiency 
as well as structurally perfect. 
* 
Whether lined, clad or plate construction—of pure metals or clloys, 
* 


welding, lead burning or metallizing—the paramount consideration 


e@ is always the use to which you will put the finished equipment and 


better service to you. 


how to make it safer, stronger, more corrosion resistant —for longer, 


Send for your copy of corrosion resistant metal 


tables—just off the press. 


JOHN NOOTER Boiler Works Co. - 





0? 





1404 S. Second St., St. Louis 4, Mo. 


application to neutral oil and Mid-C 
tinent residuals. The data are present 
in detail in five tables 


Multistage Separation Processes. M4 \- 


son Benepict. Trans. Am. Inst. Chi 
Engrs., 43 (1947) pp. 41-60 

The application of multi-stage sepa: 
work | 


tion processes in engineering 
increased greatly in recent years. | 
amples of important new applicati 


extractive distillation 
toluene production 


are the use of 
butadiene and 


the use of thermal diffusion, gase 
diffusion and the gas centrifuge in 
concentration of Uranium 235. 1] 


author reviews and describes _ bri 
these new types of processes, giving « 
amples of their application, and ¢ 
pares them with ordinary distillat 
and other familiar separation processes 
The theory and basic constants of ¢ 
type of process are discussed, sucl 
the characteristic separation tactor 
energy consumption, and the advant: 
and disadvantages of each process 
considered \ bibliograp yt 22 


ences 15S include d 


Production of Butadiene from Alcohol. 


W. J. Toussaint, ]. T. DUNN AND D 
Jacxson, /nd and Eng. Chem., 39 (1947 
pp. 120-5 

During the war emergency 
stantial part of the butadiet 
making synthetic rubber was pre 
from ethanol. Since ethanol can be 
trom ethvlene, a by-product of pet 
leum-cracking operations, this proces 
of direct interest to the petroleun 
dustry. Development of the alcohol 
ess was facilitated by recog! 
that crotonaldehvde is t iiterme 
in the Ostromis slensky reaction, in W 
alcol ol and ACC tal | le ire conve 
to butadiene Initia i t ess W 
veloped for convertit rotonalade 
and ethanol hone ene usil silic 
as a catalvst. but su ill vedi fic 
of the catalyst afforded jually eft 
production of butadiene from aceti 
hvde and ethanol l-urthermore, { 
corporating dehydrogenating comport 
in the catalvst, the lebedev 
process Was efrrect I ) mve 
ethanol more direct! adiene 
preferred catalvst to tf acetal de 
ethanol reaction was silica gel impre 
nated with tantalum oxide. Witl 
catalvst efficiencies t about 67 pe 
vields trom ethanol were btained 
laboratory and the results were 


in plant operat 
silica gel was « 


stantially reproduced 
Zirconia supported o1 
a possible 
nia Was 
vield of 


sidered as 
lyst, because zire: 
available and the butadiene 
only somewhat than that obtaine 
using the tantalum catalyst. The 
products from the pr com] 
he sa arbo ns, ak lehvade B.. 
ethers, and other mate 
rials. The more important of thes 
namely, ethylene, butenes, ethyl eth: 
and butanol—were recovered on a p 
scale in quality suitable for utilizat 
The ethanol-acetaldehyde process 
filled its mission in providing a 
supply of butadiene in the shortest 
sible time from what was a surplus | 


more read 
less 


ycess 
ketones, este 


alcohols, some 


terial at that time. 
Selecting Chemical Pumps. C. A. Ric 
ARDSON. Chem. Eng. Progress, 1 (194 


pp. 17-20. 


The same amount of the ought and en¢!- 


neering skill should be used in the sel 
tion of a pump as in the selection of a 
other engineering equipment item. 
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More than thirty years ago, in 


asmall laboratory at Independence, 


Kansas, a group of UOP technol- 
ogists were working on what was 
to revolutionize the refining of 
crude oils. The result of their la- 
bors was the UOP Thermal Crack- 
ing (Dubbs) Process. ..a process 
that added a new chapter to the 
history of petroleum refining. 
From that day forward, UOP 
has maintained the leadership 
which they established with that 
momentous discovery. New proc- 
esses ... new inventions... new 
developments . . have come out 
of the UOP laboratories during 
these fruitful years, making pos- 
sible the doubling of gasoline 


yield per barrel of crude and the 


General Offices: 310 S. MICHIGAN AVE. 


LABORATORIES: RIVERSIDE, ILLINOIS 
UNIVERSAL SERVICE PROTECTS YOUR REFINERY 
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continuing improvement of gas- 
oline to its present day quality. 
And hundreds of UOP units... 
comprising eleven different proc- 
esses or combinations of processes 
... have been installed in the 
United States and 27 foreign 
countries. 

Today, as always, UOP is dedi- 
cated to the further development 
of refining processes in an un- 
ceasing effort to provide even 
greater efficiency in gasoline pro- 
duction... higher product quality 
...and lower operating costs. 
And, as in the past, these new 
developments, as they are proved 
commercially practical, will be 
made available to refiners al! 


over the world. 


UNIVERSAL OIL PRODUCTS COMPANY 
@ 


CHICAGO 4, ILLINOIS, U.S.A, 
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SPARKLER 


Horizontal Plate 


FILTERS 





, 
.. - and here's the ory: 
@ Sparkler Horizontal Plate Filters handle 
any liquid from heavy varnishes to light 
alcohols, including products such as acids, 
oils, beverages, milk, pharmaceuticals, 
plating solutions, water, etc. 
@ Equally efficient performance on inter- 
mittent Or continuous operation, under a 
wide range of temperature, pressure and 
viscosity conditions. 
@ Equally effective whether removing car- 
bons and contact clays or clarifying and 
polishing with filter aids 
@ Patented Scavenger Plate permits com- 
plete batch filtration. (It's virtually an 
auxiliary filter with an independent con- 
trol valve.) 
@ Unexcelled filter cake stability—no slip- 
ping or breaking. 


? 


ere . 


Because filter media are supported on a 
horizontal plane and filter aids floated into 
position uniformly, filtration takes place 
uniformly over entire filtering areas. Flow 
through filter is always with gravity. 

Sparkler Filtration Is Engineered Filtra- 
tion—we invite correspondence on your 
problem, You will receive the advice of 
filtration scientists with a quarter of a cen- 
tury of experience in a specific field. 


SPARKLER MANUFACTURING CO. 


MUNDELEIN, ILLINOIS 








purpose of the article is to indicate some 
of the more important construction de- 
tails and operating factors that should 
be considered in the selection of pumps, 
particularly where both corrosive and 
abrasive liquids are to be handled. Ad- 
vantages of the double-suction pump with 
horizontally split casing over the single- 
suction vertically split casing pump are 
disadvantage of the 


given. The main 
horizontally-split-case pump is high 
initial cost and high replacement cost 


for repair parts. The question of the 
selection of closed versus open impellers 
in centrifugal pumps is considered. In 
general, closed impeller pumps should be 
used unless the liquid pumped deposits 
scale on the impeller surfaces or contains 
that will plug a closed impeller. 
Wearing rings, shafts, and stuffing boxes 
are discussed. 


solids 


Proportioning Pumps— Their Con- 
struction, Performance, and Appl ation. 


RoLLAND McFartanp, Jr. Chem. Eng 
Progress, 1 (1947) pp. 12-16. 
The words “proportioning” and 


“metering” are defined and distinguished 
as applied to adjustable-stroke, positive- 
displacement pumps. A_ proportioning 
pump is a metering pump used to pro- 


portion one liquid to another. The design 
requirements of metering pumps are out- 
lined, because of the close-clearance de- 
sign and accurate check-valve action 
these pumps have high volumetric effi- 
ciency. Factors that affect metering- 
pump performance are reviewed, includ- 
ing viscosity, suspended solids, vapor 
pressure, and pumping temperature. At- 
tention to proper maintenance is urged, 
and two examples are given of poor 
pump performance caused by lack of 
proper maintenance. 


The Design of Jet Pumps, A. Epcar 
Kroii. Chem. Eng. Progress, 1 (1947) pp 
18-24. 

In spite of the wide application of jet 
pumps, or ejectors, as they are some- 
times called, few design data are avail- 
able in the literature. The purpose of the 
paper is to provide the engineer with a 
simple method for the design of single- 
stage steam- and air-operated jet pumps, 
having maximum efficiency for handling 
gases. The discussion covers diffuser 
entrance, diffuser throat, distance 
nozzle outlet to diffuser throat, induce 
fluid entrance, diffuser outlet, tail piece, 
and nozzle. The design procedure is ap- 
plied to an example. 





Products: Properties and Utilization 





Review of the Chemical Structure of 
Fuels and Their Detonation in Engines. 
\. G. Mazurktewitcz AND V. G. OBER- 
HOLZER Inst. of Petroleum, 32 (1946) 
pp. 685-702 

The author notes the large accumula- 
tion of data published by many labora- 
tories working on the subject of com- 
bustion during the war and considers 
that a need has arisen for a general re- 
view of the results. The first part of the 
article is devoted to a discussion of vari- 
ous engine-testing methods. Following 
this the knock characteristics of fuels or 
hydrocarbons of different types is con- 
sidered. The effect of chemical structure 
is discussed arid data on the various hy- 
drocarbons are presented in tabular and 
graphical form. The aromatic amines, 
which were widely used during the war, 
are discussed particularly with their ef- 
fect on knocking in rich mixtures. The 
final part of the article is devoted to a 
discussion of the results reviewed and 
presented. Those hydrocarbons which on 
oxidation yield ketones rather than alde- 
hydes are best from an anti-knock stand- 
point. A bibliography of 32 references 
is included 


Jour 


Resinous Products from Petroleum 
Polymer Sulfurization. M. GLENN May- 
BERRY, Paut V. McKInNeEY AND Harry E 


WestLAKeE, IR. J/nd. and Eng. Chem., 39 
(1947) pp. 166-7 
Polymers from clay refining towers 


used in removing diolefins from cracked 
gasoline were studied. Resins ranging in 
properties from soft to brittle solids 
were formed when petroleum tower res- 
ins were heated with sulphur for various 
lengths of time and at various tempera- 
tures. The properties of typical products 
so made are given. The sulphurized 
products are resistant to salts and low 
concentrations of sulphuric acid. Nitric 
acid attacks them to form hard, brittle, 
and easily crumbled materials. Neither 
sodium hydroxide nor hydrochloric acid 
has any apparent effect, but ammonia 
and calcium hydroxide have - slight 
bleaching action. All of the products are 
too brittle to be of use by themselves, 


but they can be compounded to give a 
mastic composition that will flow to fill 
a simple mold cavity completely 
heated under pressure. Fillers, such as 
whiting, asbestos, wood flour, carbon 
black, and the like, were found to be 
satisfactory for the preparation of mas- 
tics suitable for floor tile, for example 
Pigments can be added to give dark 
shades of red, brown, green, and black 
The dark color of the resin itself pro- 
hibits lighter colors. Various methods 
modifying the mastic to obtain an in- 
expensive molding composition were in- 
conclusive. Although the products hav 
low tensile and impact strengths, addi 
tion of cyclopentadiene to the original 
reaction mixture gave a product witl 
both properties improved. 


Performance of Butyl Inner Tubes. 
.. EF. Licgutrown, L. S. Verve anp J. R. 
Brown, Jr. /nd. and Eng. Chem., 39 (1947) 
pp. 141-6. 

In severe service tests Butyl-rubber 
tubes have been shown to hold air § to 
10 times better than  natural-rubber 
tubes. Test results demonstrate that the 
maintenance of proper inflation pres- 
sure, afforded by Butyl tubes because ot 
their superior air retention, results in an 
increase in tire-tread life of 10 to 18 
percent, depending on the test condi- 
tions. Butyl tubes can be made that 
show less “growth” than natural-rubber 
tubes. Butyl inner tubes age well in 
service, maintaining their original phys- 
ical properties better than natural-rubber 
tubes. This superior aging results in an 
inner tube with better puncture and 
blowout, or tear, resistance, which, in 
turn, provides a greater degree of satety 
for the motorist. The data secured in 
course of the work are presented in con- 
siderable detail in tabular and graphical 
form and a bibliography of 12 references 
is included. 


Constant Ratio Still Head. I.. E. Lioy? 
anp H. G. Hornpacuer. Anal. Chem. 19 
(1947) pp. 120-3. 

The authors review nd discuss the 
subject of laboratory still heads and give 


he 


tne 
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in chlorinating hydrocarbons and 
recovering HCI... with 
“KARBATE” 


IMPERVIOUS GRAPHITE! 
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“Karbate” Cascade Cooler Absorber 











=e —- | Equipment of “‘Karbate” Impervious Graphite Defies Corrosion 
inl \> el HEREVER in your chlorinating process you want to avoid 
=a replacing costly equipment (including pipe lines and connec- 


tions) — use “Karbate” impervious graphite. In fact, practically the 
entire system can be safeguarded by this material. Here’s why: 

Equipment made of impervious graphite resists corrosion, stays 
on the job indefinitely — saving substantial replacement costs over 
the years. Moreover, such equipment is light in weight, yet strong. 
It is resistant to thermal and mechanical shock. It has a very high 
heat-transfer rate. 

Yes, as chemical engineers are finding - 
out, “Karbate” impervious graphite is an { once Tuey | 


“Karbate” Mixer 








economical material for chlorination and WISE UP TO 

HCI recovery equipment. For more de- IMPERVIOUS 
tails, write Dept. PR. p 

Th d “‘Karbate” i. 7 d trad k praagsing. no3 

e wor arbate’”’ is a registered trade-mark of HAVE TO KISS 


NATIONAL CARBON COMPANY, INC. 
30 East 42nd Street, New York 17, N.Y. THIS PROCESS 
Unit of Union Carbide and Carbon Corporation GOoD-Bye! 
UCC) 


Division Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 
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a bibliography of 46 references on the 
subject. They note that several con- 
stant-reflux-ratio stillheads have been de- 
vised that have given improved column 
efficiency and more reproducible dis- 
tillations with less attention from the 
operator than when using former types 
ot heads. These heads are based on the 
principle of using two condensing sur- 
faces in parallel—one to furnish reflux, 
the other to give product. 


Microdetermination of Tetraethyl Lead 
in Gasoline. B. E. Gorpon Aanp R. A 
Burpetr. Anal. Chem., 19 (1947) pp. 137 
1) 

\ micromethod for the determination 
yf tetraethyl lead in gasolines is based 
upon decomposition with iodine, followed 
by the volumetric determination of pre- 
cipitated lead chromate. Elapsed time 


required is considerably shorter than 
that of conventional methods, and the 
volume of the sample needed is only 1 to 
5 ml. The accuracy and reproducibility 
of the method conform to ASTM specifi- 
cations and requirements. 


Capillary-Type Viscometer. D. P. 
SHOE MAKER, Eart Hoercer, R. M. Noyes 
AND R. H. BLaKer. Anal. Chem., 19 (1947) 
pp. 131-2 

\ capillary-type viscometer for taking 
measurements of solutions containing 
volatile solvents was designed and test- 
ed. Because the solution does not need 
to be transferred from the container in 
which it is prepared, measurements made 
with this viscometer on concentrated so- 
lutions of large molecules are more re- 
producible than those made with an Ost- 
wald-type capillary viscometer. Because 
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of the small volume of the new viscom- 
eter, viscosity determinations can be 
made by using smaller samples than 
those required for the falling-ball vis- 
cometer. The simplicity of the device 
and its freedom from errors caused by 
concentration changes recommend its 
application to the study of a variety of 
substances in solutions containing vola 
tile solvents. 


Analysis of Naphthalene-Tetralin- 
Decalin Mixtures. W. J. Cerveny, J. A. 
HINCKLEY, JR., AND B. B. Corson. Anal 
Chem., 19 (1947) pp. 82-86. 

A rapid and simple method for the 
analysis of naphthalene-tetralin-decalin 
solutions is described and gives determi- 
nations within +1 percent for each of 
the three components. Two measure- 
ments are required: first, the heat of re- 
action of the sample with nitrating acid, 
and second, the temperature at which 
naphthalene crystallizes upon cooling the 
sample. The method is applicable to all 
solutions of naphthalene, tetralin, and 
decalin. An alternate method that has 
certain advantages of simplicity of prin- 
ciple and operation, comprises separating 
the sample by distillation into an over- 
head and a bottom and then measuring 
the specific dispersions on each of these 
fractions. 


Determination of Mono- and Dialkyl- 
acetylenes. CHARLES D. WAGNER, THEO- 
DORA GOLDSTEIN AND Epwarp D. Peters. 
Anal. Chem., 19 (1947) pp. 103-5 

A method is described for the deter- 
mination of four and five carbon atom, 
mono-and dialkylacetylenes, in the pres- 
ence of paraffins, olefins, or diolefins. 
The method is based on the reaction of 
the acetylenes with methanol in the pres- 
ence of a catalytic mercuric oxide-boron 
trifluoride combination to produce ketals 
which are subsequently hydrolyzed to 
ketones. Allenes and high concentrations 
of peroxides and cyclopentadiene inter- 
fere, but they are the only materials 
known to cause interference. Interference 
by carbonyl compounds is obviated by 
suitable blank determinations, omitting 
the catalyst. Although the procedure 
does not ordinarily give stoichiometric 
results, recoveries of approximately 92 
percent are consistently obtained, and 
therefore it is possible to use an empir- 
ical correction factor of 1.09. Analyzing 
samples containing as little as 0.5 percent 
acetylenes, the accuracy is ©3 percent 
and on samples containing 0.1 percent 
acetylenes, the accuracy is +10 percent. 


Microchemistry. RowENA PyKE, ALLAN 
KAHN, AND D. J. LeRoy. Anal. Chem. 19 
(1947) pp. 65-66. 

Although it is relatively easy to sepa- 
rate a gas sample into fractions having 
the same carbon number, it is much 
more difficult to make a precise analysis 
of these fractions in terms of olefin con- 
tent. Two new procedures are described, 
using the Blacet-Leighton gas-analysis 
microapparatus. In one method, the ab- 
sorbent was a paste made from 3c. c. ol 
powdered mercuric acetate and 2 c. c. of 
a l-percent solution of boron trib oben le 
ethyl etherate in ethylene glycol. In the 
second method the absorbent was made 
from 3 c.. c. of powdered mercuric 
acetate, 1.5 c. c. of water, and approx! 
mately 1 gram of mercuric nitrate. Little 
difference was found between the two 
methods in the case of ethylene-ethane 
mixtures, but the greater versatility of 
the hydroxy mercurial method reco 
mends its use in most instances. 


Petroleum Refiner—V ol. 26, No. 4 

















AK 
CHICA 


April 





i. ee oe a eee ee a a Seaea ), 2a es as 


you can depend upon 


for 


STORAGE 
TANKS 


also 
vessels, steel and 


alloy plate work 
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pressure ... cone roof... HAMMOND SPHERE ... floating roof... 
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U.S.P. 2,414,252. Solvent Separation of 
Hydrocarbons. H. V. Ashburn to The 
Texas Company. 

A hydrocarbon mixture containing 
saturated and unsaturated hydrocarbons 
is extracted with a normally solid poly- 
olefin glycol, such as Carbowax, if de- 
sired in the presence of water, at a tem- 
perature and pressure sufficient to main- 
tain the solvent and hydrocarbons in the 
liquid phase. The solvent phase com- 
prises unsaturated hydrocarbons dis- 
solved in the bulk of the solvent. The 
other phase comprises saturated hydro- 
carbons mixed with a small amount 
of the solvent. The phases are separated 
and the hydrocarbons are recovered from 
the solvent. The process can also be 
used for separating aromatic hydro- 
carbons from aliphatic and/or alicyclic 
hydrocarbons. 


U.S.P. 2,414,259. Treatment of Hydro- 
carbon Materials. M. M. Holm to Cali- 
fornia Research Corporation. 
Hydrocarbon material containing a 

relatively minor quantity of combined F, 
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such as the material resulting from treat- 
ment of hydrocarbon with an F-contain- 
catalyst, is subjected to the action of 
CaO or MgO, or both under conditions 
effective to remove the organic fluorine- 
containing compounds, such as a tem- 
perature of 100-700° F. 


U.S.P. 2,414,371. Controls for Isomeriza- 
tion Systems. N. Fragen and C. W. 
Nysewander to Standard Oil Company 
(Indiana). 

A hydrocarbon stream of substantially 
constant composition containing dis- 
solved HCl, ethane, gases lower boiling 
and gases higher boiling than ethane, is 
continuously introduced at substantially 
constant rate into a separation zone 
wherein a portion of the dissolved HCl 
is separated as HCl vapor or gas along 
with vapors or gases of the said hydro- 
carbons. A liquid stream of constant 
composition is continuously withdrawn 
from this separation zone and introduced 
into a stripping zone. At least part of 
this liquid stream is introduced near the 
top of the stripping zone where a lower 
temperature is maintained than at the 
base of this zone. The heat supplied to 
the stripping zone is sufficient to vapor- 
ize dissolved HCl and hydrocarbon gases 
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VALVE is positive insurance 
against costly “Water Ham- 
mer” —built of materials 
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of any service, and pres- 
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of the type described. The temperature 
at the top of the stripping zone is suffi- 
ciently low to condense most but not all 
of the hydrocarbons which are boiling 
higher than ethane. HCl gas along with 
a substantial proportion of the lower- 
boiling hydrocarbons and a minor pro- 
portion of the higher-boiling ones is 
withdrawn from the top of the stripping 
column at a constant volume rate by 
regulating the amount of heat introduced 
into this zone. The withdrawn gaseous 
or vaporous stream is contacted with a 
stream of low-boiling paraffin hydro- 
carbons under such conditions that a 
major part of the HCI gas and higher- 
boiling hydrocarbons is absorbed while 
unabscrbed gases or vapors are vented 
at the top of the absorption zone. A 
liquid hydrocarbon stream containing 
ethane and HC] is continuously removed 
from the base of the stripping zone. The 
amount of ethane removed in this way is 
substantially in excess of that vented at 
the top of the absorption zone. The with- 
drawn liquid is freed from HCl. The 
process is employed in connection with 
processes for isomerizing hydrocarbons 
by means of AlCl:-hydrocarbon complex 
catalysts promoted by HCI. 


U.S.P. 2,414,402. Removal of Foam-Pro- 
ducing Substances from Furfural Em- 
ployed in Extractive Distillation of 
Hydrocarbons. G. Thodos and C. F. 
Weinaug to Phillips Petroleum Com- 
pany. 

Furfural used in hydrocarbon selective- 
solvent extraction processes, particul- 
arly in processes for recovering n-butene 
and/or butadiene from more saturated 
C, hydrocarbons by extractive distilla- 
tion, contains foam-producing impurities 
acquired from the low-boiling aliphatic 
hydrocarbons treated. To remove these 
impurities the furfural is subjected to 
liquid-liquid extraction with an aliphatic 
hydrocarbon immiscible with furfural 
but able to dissolve said foam-producing 
impurities. The two phases formed are 
separated. 


U.S.P. 2,414,586. Distillation of Hydro- 
carbonaceous Solids, G. Egloff to Uni- 
versal Oil Products Company. 
Hydrocarbonaceous solid material, 

such as coal or oil shale, is introduced 

in finely divided state into a confined 
distilling zone, where a bed of this ma- 
terial is maintained in turbulent fluid 
state. A stream of non-oxidizing fluid 
preheated to a temperature adequate for 
the desired distillation is introduced up- 
wardly into said bed to effect distilla- 
tion of volatiles from the solid material. 
The resulting fluid is removed from the 
upper portion of said bed. Heavier solid 
particles are separated from the with- 
drawn fluid stream and returned to the 
bed. Regulated quantities of the solid 
particles are removed from the lower 
region of the bed and commingled with 
the now oxidizing fluid. The mixture ob- 
tained is again preheated and _ passe¢ 
back to the distilling zone. Valuable 
volatile constituents are recovered from 
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This is the coil” of a special heat 
exchanger alloyed and cast for a 
large company in the Rocky Moun- 
tain area. It's an excellent example 
of the kind of work our metallurg- 
ists and foundrymen are capable 
of turning out. 


Backed by 25 years’ experience with high alloy 
static castings and 16 years with centrifugal cast- 
ings, we are in a position to produce any chrome- 
iron or chrome-nickel casting within the range of 
our electric furnace capacity—namely, about 4 tons 
for any one pour. We have an X-ray testing ma- 
chine. We can finish the casting to any degree 
desired. 


Write us about your problem. Send us drawings 
for a quotation. 
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the hydrocarbonaceous solids. Gaseous 
or liquid fractions separated from the re- 
covered products of the distilling process 
may be employed as the non-oxidizing 
fluid. 


U.S.P. 2,414,639. Process for Concentrat- 
ing Diolefins Utilizing Methyl Amines 
as Azeotrope Formers. W. Engs, S. N. 
Wik, and R. M. Roberts to Shell De- 
velopment Company. 

A diolefin with more than 2 and less 
than 6 C atoms, such as butadiene or 
isoprene, is obtained in concentrated 
form from its mixture with a mono- 
olefin which possesses a vapor pressure 
of the same order, such as butylenes or 
an amylene, respectively, by distilling 
the mixture in the presence of methyl- 
amine. A vapor fraction containing the 
major portion of the mono-olefin and a 
residue containing the major portion of 
the diolefin are formed. 


U.S.P. 2,414,651. Process for .the Treat- 
ment of Hydrocarbons. J. W. Latchum 
to Phillips Petroleum Conipany. 
Cyclopentadiene is recovered in the 

form of dicyclopentadiene from an arom 
atic oil mixture containing the latter i 
admixture with monocyclic aromatic 
hydrocarbon and aliphatic conjugated 
pentadiene by heating this mixture t 
such a temperature and for such a period 
that the dicyclopentadiene is converted 
to the monomer. The resulting mixture, 
substantially free of dicyclopentadien: 
is distilled in a fractionating colum 
under such condition that the cyclo 
pentadiene and aliphatic conjugated per 
tadiene are taken overhead and the 
monocyclic aromatic hydrocarbon is 
taken off in the kettle product. Steam is 
injected into the bottom of the colum1 
A water layer is withdrawn from it at a 
point near to but above the feed entry 
to the column. The cooled water layer 
is injected into the top of the colum: 
as the sole reflux. The condensed over 
head is heated under such conditions as 
to dimerize the cyclopentadiene without 
polymerizing the other unsaturated hy 
drocarbons present. The resulting mix 
ture is distilled in a second fractionating 
column under such conditions that the 
aliphatic conjugated pentadiene content 
thereof and lighter products are taken 
overhead while the dicyclopentadiene is 
taken off in substantially pure form as 
the kettle product and that substantiall) 
no dedimerization of dicyclopentadien 
takes place. 

U.S.P. 2,414,737. Absorption of Olefins. 
R. L. Heinrich to Standard Oil De- 
velopment Company. 

An olefin-containing feed stock is 
passed in sequence through a first and 
a second absorption zone and contacted 
in the second zone with absorption liquid 
comprising H:SO, and H:.O under con- 
ditions suitable for the absorption of 
olefins. The enriched absorption liquid 
from the second zone is at least partially 
freed from water. The thus produced 
concentrated rich absorption medium is 
employed as the absorbent in the first 
absorption zone. Enriched absorption 
liquid from the first zone is hydrolized 
to form alcohols, and the stock is freed 
from olefins. 


U.S.P. 2,414,761. Separation of Hydro- 
carbons Having Different Degrees of 
Saturation. H. S. Nutting and L. H. 
Horsley to The Dow Chemical Com- 
pany. 

Aliphatic hydrocarbons which have the 

same boiling range and which are 0! 

different degrees of saturation and con- 
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dccaail  speilly for tho servis WHERE 


Temperature or pressure may be very 
high. 

Hot or cold liquids are handled near 
boiling point. 

Continuity of operation is very impor- 
tant. 

Lowest possible NPSH is required to 


prevent cavitation. 


All capacities from 40 to 1500 GPM 
Differential heads from 40 to 1000 Feet 
Speeds from 1750 to 4000 RPM 


6. 
rs 


8. 


RANGE 


Suction Pressure or vacuum is extreme 
ly high. 

Stuffing box leakage is an expensive 
loss or is hazardous. 

Broad capacity range at high efficiency 
is desirable. 

Minimum maintenance cost is desira- 
ble. 


ALLOWABLE OPERATING PRESSURES: 





Cast Iron, 600 psi at 100°F. 
500 psi at 450°F. 

Steel, 1000 psi at 100°F. 
500 psi at 800°F. 


Ask for bulletin 6000 


NATIONAL TRANSIT PUMP & MACHINE CO. 


Home Office and Works: Oil City, Penna. 
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Orrtc és 
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DRY CHEMICAL | 
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TO OPERATE 
er EXTINGUISHER UPRIGHT pee? 
POUT LOCK PIN AND PUSH DOWS OF EO) 

BE MOITLE HANDLE TO RELEASE COOP 
EAM AT BASE OF FLAMES 


AFTER USING 















¥ ANSUL DRY CHEMICAL 


MAINTENANCE 


faster Put-out by 


Inexperienced Operators 


The difference between a small fire and a major disaster may 


be only a matter of seconds. 


.. WHEN THE FIRE STARTS. 


An outstanding feature of the new Ansul-Dugas Extinguisher 
is its simple and quick operation. The new nozzle design makes 
expert extinguishing possible even by inexperienced persons. 


HERE ARE OTHER I 


@ 53% more Fire-Stopping Power. 

@ Highest Rating for SPEED and EF- 
FECTIVENESS as determined by im- 
partial authority. * 

® Quicker, easier, on-the-spot recharge 
after use. 


MPORTANT FEATURES 


@Greater fire-fighting effectiveness 
pound for pound, dollar for dollar. 


@Larger range stream and _ greater 
shielding of heat from operator. 

@ Increased fire-fighting capacity with- 
out increased weight. 

@ Engineered to resist corrosion: 





with Ansul-Dugas Dry Chemical Extinguisher 


*Write for charts based on authoritative data of comparative ratings as determined 
by a national approval agency. 


ANSU 


CHEMICAL COMPANY 


FIRE EXTINGUISHER DIVISION, 


MARINETTE, WISCONSIN 











tain more than 2 and less than 7 C atoms 
are separated by fractional distillation at 
increased pressure in the presence of at 
least sufficient ammonia to form an azeo- 
trope with the more nearly saturated 
hydrocarbons of the mixture. An appre- 
ciable amount of water is added for the 
distillation in order to prevent an ac- 
cumulation of solids on inner surfaces 
of the apparatus. 


U.S.P. 2,414,817. Method of Quenching 
and Cooling Vapors. C. E. Kleiber, 
D. L. Campbell, D. E. Stines and G. T. 
Atkins to Standard Oil Development 
Company. 

In a process similar to that of U.S. P. 
2,414,816 the gaseous stream of reaction 
products containing butadiene, steam and 
unstable tar-forming and gum-forming 
impurities is treated immediately upon 
leaving the reaction zone by injecting 
water into it to cool it quickly to 900- 
1000° F., then cooling it by indirect heat 
transfer to 500-600° F., and then further 
cooling it by direct contact with a liquid 
hydrocarbon oil to about 300° F. in order 
to remove the tar-forming and gum- 
forming impurities. Finally, the reaction 
products are cooled to condense the 
steam. The process also can be used for 
the recovery of other diolefins obtained 
by catalytic dehydrogenation of more 
saturated hydrocarbons. 


U.S.P. 2,415,006. Butadiene Separation. 
K. H. Hachmuth to Phillips Petro- 
leum Company. 

A mixture comprising butadiene and 
other closely - boiling C, hydrocarbons 
including butene-1 and butene-2 is sub- 
jected to a first fractional distillation to 
remove a portion of the butene-2. The 
remainder is extracted with a solvent 
selective for butadiene under conditions 
such that a fraction consisting essentially 
of butadiene and a further portion of the 
butene-2 is absorbed without substantial 
absorption of the butene-1 and the re- 
mainder of butene-2. This fraction is 
stripped from the solvent and then sub- 
jected to a second fractional distillation 
to effect separation of butadiene from 
butene-2. Furfural is preferably employed 
as the selective solvent. 


U.S.P. 2,415,009. Butadiene Stabilization. 
L. F. Hatch, D. E. Adelson and B. O. 
Blackburn to Shell Development Com- 
pany. 

For stabilizing butadiene 0.01-0.02 per- 
cent by weight of a compound of the 
formula Y-X-NHR is added wherein X 
is aryl radical, R is hydrogen or a hydro- 
carbon radical, and Y is OH, NH: or 
NHR, (R, being a hydrocarbon radical) 
p-Amino-phenol, p-phenylen-diamine and 
n-benzyl-p-amino-phenol are examples 
of the compounds to be employed. Poly- 
merization of butadiene by exposure to 
the air, corrosion of ferruginous con- 
tainers by butadiene, and peroxide for- 
mation in monomeric butadiene are in- 
hibited. 


U.S.P. 2,415,161. Prevention of Corro- 
sion. E. Q. Camp to Standard Oil De- 
velopment Company. 

A small amount of a low-boiling non- 
acidic oxygenated organic compound 1S 
incorporated into a petroleum distillate 
which is contacted in vapor phase at 4 
temperature of 1300-1650° F. with an 
iron, chromium, and nickel alloy to 1m 
hibit corrosion. The additive preferably 1s 
employed in an amount of 1-8 percent by 
weight of the hydrocarbon. An aliphatic 
alcohol or ketone, or an ester o! an 
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Even though a recipe is carefully followed, 
inexperience has spoiled many a bride’s bis- 
cuits! It takes the all-important intangibles— 
research, experience, manufacturing facilities, 
and service ... such as WHITLOCK offers . 
to make a heat exchanger that truly fits the job. 
WHITLOCK’s policy of continued and pur- 
poseful research, combined with practical ex- 
perience, pays big dividends in heat exchanger 


<2 lene bef Ceprerionce 


A GOOD CHEF CONTRIBUTES SOMETHING 
INTANGIBLE TO THE RECIPE! 


performance... WHITLOCK engineers are 
constantly checking and correlating their find- 
ings with the most recent information of others. 
A careful analysis of your heat transfer prob- 
lem by WHITLOCK engineers assures equip- 
ment right in thermal rating, correct in design, 
built to W.M. Standards. A WHITLOCK Heat 
Exchanger has those extra qualities that make 
it fit the job! 


Let us know your requirements. 


THE WHITLOCK MANUFACTURING CO. 
149 BROADWAY, NEW YORK 6, N. Y. 
MAIN OFFICE AND PLANT, 75 SOUTH STREET, ELMWOOD, HARTFORD 1, CONN. 
NEW YORK * CHICAGO * BOSTON * PHILADELPHIA * DETROIT * RICHMOND 
Authorized representatives in other principal cities * In Canada: DARLING BROS., LTD., Montreal 
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aliphatic alcohol and an aliphatic acid 
are, for example, used to inhibit corro- 
sion in refinery operations of hydrocar- 
bons making use of heating and reaction 
coils manufactured from an alloy of the 
indicated kind. 


U.S.P. 2,415,171. Method for Recovering 
a Substantially Olefin-Free Hydro- 
carbon Fraction. J. T. Horeczy to 
Standard Oil Development Company. 
A hydrocarbon feed stock comprising 

olefin in an amount not in excess of 75 
percent is contacted with a complex of 
boron halide and an alkyl or aryl mono- 
carboxylic acid, such as a complex of 
BF; and acetic acid, at a temperature of 
about 160-180° F. while maintaining a 
ratio of 3-5 moles of acid per mol of 
feed stock to form a homogeneous phase 
This phase is withdrawn and subjected 
to distillation conditions to recover a 
hydrocarbon fraction substantially free 
from olefins. Feed stocks boiling at 140- 
168° F. and containing 60 percent olefins 
and 40 percent paraffins and naphthenes, 
or stocks boiling at 200-250° F. and con- 
taining 30 percent olefins, 35 percent 
toluene, and 30 percént paraffins and 
naphthenes can, for example, be treated 
in this process. 


U.S.P. 2,415,192. Recovery of Azeotropic- 
Former in Distillation of Hydrocar- 
When you go “on stream” with a Troy-Engberg Cae oe ak Catthonun eedecrens 1 


VW Steam Engine you — be sure that the drive A complex hydrocarbon fraction con- 
power for your charging and transfer pumps will taining chemically-similar hydrocarbon 


EO) Sav ler jae 
STEAM ENGINI 








give unfailing service until the “run” is com- components ordinarily boiling in the 
pleted. Ninety, 100, 150, 160 days, whatever it same temperature range is distilled in 
takes, the Troy-Engberg Engine will stick with the tcemngy ofa eee ——— of . 

: 13 . : azeotrope-former to produce a vaporize 
the job. Dependability, wide speed range, high sehen otal of at least Pr ger the 
overload capacity, high starting torque and years said components together with the azeo- 
of service without a major repair make the trope-former. At least one of the other 


Troy-Engberg an ideal components is left in the residue. The 
vaporized mixture’ is extracted in the 


v7 ae a Se refinery field. vapor state with a liquid selective ab- 
Troy-Engberg Steam En- sorbent for the azeotrope-former. The 

gines are available in single solution formed of this absorbent and 
azeotrope-former is separated from the 


yy» a 


units up to 200 HP and in hydrocarbon vapors. An organic com- 
duplex up to 400 HP either pound which is not readily separable 


horizontal or vertical. Write from the vaporized mixture by extraction 
with water is used as the azeotrope- 


former, e.g., acetone or methyl ethyl 
ketone; and the liquid absorbent used 
| is a substantially non-aqueous polar or- 
ganic compound other than the azea- 


| trope-former and readily separable from 
| the formed extract, e.g., benzyl alcohol, 
or a polyhydric alcohol, or an alkyl ether 
of the latter. 
U.S.P. 2,415,337. Batch Rectification. > 
; . C. Carney to Phillips Petroleum Com 
; pany. 


An oil stock is heated to distillatiot 
temperature in a batch still. The still va 
pors are passed into a treating zone com 








today for Bulletin 306. 






TROY ENGINE & MACHINE COMPANY “er ater 
s prising a rectifying section and a strip 

Established 1870 ping section at a point intermediate bot! 

993 Railroad Avenue Troy, Pennsylvania sections. In the first named section the 
distilled vapors are rectified to product 


an overhead vaporous product and 4 
liquid bottoms. These bottoms at 
passed into the stripping section wher 
a stripper vapor and liquid stripper bot- 
toms are produced, the bottoms beins 
heated to facilitate the stripping sectio 
The stripper vapor is passed in conjunc 
tion with the still vapors into the rectily- 
ing section. A portion of the stripper bot 
toms is recycled to the distilling charg¢ 
stock as reflux, while the remainder _©! 
these bottoms is removed. The rectifier 
overhead vapors are condensed, and ’ 
portion of the condensate obtained 1s tf 
cycled as rectifier reflux while the ™ 





Send for Bulletin 306 
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By P LANTS for the production of synthetic ammonia from 
son. § various sources of hydrogen are described in this new 
Con 14-page brochure. An unusual presentation of coordinated . 
. flow charts illustrates the arrangement of equipment for the Write Today 
0% three basic types of plants. Numerous photographs clearly 
ill va- 
pe show the details of equipment and design. ; om your comp any letterhead 
e boll Executives who are interested in synthetic ammonia pro- for Bulletin A-101 
om th duction and ammonia plant construction will find this 
i, brochure useful in visualizing how CHEMICO can meet 
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| maining condensate is removed as prod- 
EA uct. The distillation is continued until 
@ | the desired material has been distilled 


from the oil charge stock. The sum of 
the rates of heat supplied to the still and 
to the stripper bottoms is maintained 
constant throughout the distillation of a 
batch of oil. The process can be used for 
improving the octane number of natural 
gasoline containing n-heptane which is 
removed as the stripper bottoms, or for 
removing toluene as the stripper bottoms 
from a hydrocarbon stock containing it. 


SEE THIS NEW 


PALMER 














CATALYST PREPARATION 
ACTIVATION AND REGENERATION 





with STANDARD 
CHROME FINISH 


U.S.P. 2,414,727. Recovery of Sulfuric 
Acid. H. L. Ellender to Standard Oil 
Development Company. 

Sulfuric acid spent in the treatment of 
hydrocarbons (for instance in an alkyla- 
tion process) is regenerated by subject- 
ing an unseparated sludge acid contain- 
ing previously unhydrolized hydrocar- 
bons to hydrolysis at reduced pressure 
not substantially in excess of five inches 
of Hg. 


U.S.P. 2,414,883. Catalytic Reactions. H. 
Z. Martin to Standard Oil Develop- 
ment Company. 

Hydrocarbons are mixed with pow- 
dered catalyst in a reaction zone and the 
catalyst is maintained in a relatively 
dense fluidized condition therein. A 
purging gas is introduced to the bottom 
portion of the reaction zone and a con- 
fined stream of purged, spent catalyst is 
withdrawn from the bottom portion of 
the catalyst and is passed in a relatively 
dense condition directly to a regenera- 
tion zone disposed directly below the re- 
action zone and merging with it. Regen- 
erating gas is uniformly mixed with the 
spent catalyst in this zone to maintain 
the catalyst in a fluidized turbulent con- 
dition and to regenerate it. The mixture 
of regenerated catalyst and gases is 
passed upwardly while out of contact 
with the confined stream of spent cata- 





In this sensational new thermometer with 
Extruded Case, Palmer has combined ac- 
curacy with far greater visibility and attrac- 
tive appearance. You get a beautiful standard 
chrome finish—at no extra charge. Other 
new features include “Snap-on cap”; double- 
strength, non-rattling glass; dustproof, fume- 
proof cdse. 

Not since the introduction of “Red- 
Reading-Mercury” by Palmer, has there been 
such an important contribution to the indus- 
trial thermometer field. Palmer Extruded 
Brass Case Thermometers cost no more than 
other makes . . . offer far more! Write for 
Bulletins Nos. 46-2 and 46-3 today. 





In 7, 9, and 12 inch 
case sizes with 


chrome finish; in 4 lyst and is distributed uniformly and in 


nd 6 inch sizes : : © ied 
ons durable nickel direct contact with the body of fluidized 
m ‘ 


Bring your old thermometers (any 
make) up-to-date—securing new ex- 


i i mixture 
iekcanin. Welle Ger tat om catalyst in the reaction zone, A mi 


of vaporous reaction products and regen- 
eration gases substantially free from en- 
trained catalyst is removed from the top 
of the reaction zone. 


U.S.P. 2,414,884. Purification of Hydro- 
fluoric Acid, M. P. Matuszak to Phil- 
lips Petroleum Company. 
Hydrofluoric acid, when prepared by 

the action of concentrated HLS. on 

fluorspar or the like, contains small pro- 
portions of SO: which are undesirable 
when the HF is to be used as a catalyst 
in the conversion of hydrocarbons. The 

SO; can be removed from the anhydrous 

HF by treating the acid with HeS to 

effect the reduction of SO, to S, which 





Palmer “Superior” Recording 
and Dial Thermometers are 
Mercury Actuated. Extreme- 
ly accurate and sensitive. 
Constructed for long service. 
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Flexible armoured tubing Dial 
3 then is separated. 
Recording and bulb of stainless steel. age once ” nee ise bce ‘ites 
Thermometer Fully compensat 7 S.P. 2,415,003. Purification of Hydro- 
12 in, die-cast olumi- All ranges up to 1000F or J round case. Standard fluoric Acid. R. C. Cole to Phillips gi 
num case. Electric or 550C dials available for all P , C 
spring clock 12, 24 hour . - ranges, Equipped with etroleum Company. i on 
or 7 day charts avail- micrometer adjusted Sulfur dioxide contained in commer- ox 
able in all ranges. ae welded cially prepared HF is removed from the . 
centem pen ste . latter by admixing the raw HF _ at In 
Mf f Industrial, Laboratory, least partially spent HF which has been ° In 
Recarding ro pe Sheusenebess used in alkylating paraffins with olefins r 
WR 2513 Norwood Ave., : and contains a heavy olefinic oil soluble 
\.. Cincinnati 12, Ohic in HF. The resulting mixture is digested 
TAS wa. Gunniien Peon for a period sufficient to effect reaction 
WERDEN King and George Sts., Toronto 2 between substantially all of the SO: and 





the olefinic oil to form complex sulfur- 
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WIDEST RANGE 


of types; sizes; 
thicknesses. 


QUARTER-MARKED 
ENDS 
Easier, more accurate FULL WALL 
fabrication. THICKNESS 


Never less than 
specification minimum. 





REINFORCED HERE 


More metal where the 
stress is higher, 





MACHINE , ey. PERMANENT 
TOOL BEVEL TANGENTS ‘ IDENTIFICATION 


Best welding surface. Keep weld away from fae ss 
Accurate bevel highest stress zone; an You can't go wrong 
and land, simplify lining up. ae on size and weight. 


Down to the last detail WeldELLS -are engineered to 
meet al] requirements of avy pipe welding job. They meas- 
ure up to all requirements of pipe welding more fully than 
other fittings because they have designed into them features 
that are combined in no other make. 

A number of these features are pointed out above. They 
give you the means of doing the job as well as it can be done 
—as easily, as rapidly, as economically as it can be done. This 
combination of features means extra value that is yours only 
in WeldELLS and other Taylor Forge fittings for pipe weld- 
ing. Insist on the fittings that “have everything” . . . it pays! 


TAYLOR FORGE & PIPE WORKS 
General Offices & Works: P. O. Box 485, Chicago 
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LOW-COST 


- NEUTRALIZER 


FOR PETROLEUM REFINING 


Barrett Anhydrous Ammonia, shipped as a concen- 
trated liquid, with a guaranteed minimum purity of 
99.5% NHs, is. one of the lowest cost neutralizing 
agents delivered to the refinery. Because of its low 
molecular weight, one pound of Ammonia will neu- 
tralize the same quantity of acid as several pounds of 
other neutralizing agents. 

Easily vaporized, Anhydrous Ammonia follows the 
gas stream through the refinery equipment, neutraliz- 
ing corrosive acids as they are formed. Ammonia has 


‘high solubility and a high rate of diffusion in oil. 


Used in oil refining, Ammonia destroys acidity with- 
out the formation of water or undesirable emulsions. 
Products of neutralization can be easily removed from 
the oil. Excess Ammonia can be removed by blow- 
ing the oil with air. 

Used as a liquid or as a gas, Ammonia is easy to 
handle in the refinery. For further information, com- 
municate with the address below. 


This interesting and helpful booklet is packed with 
useful information on Anhydrous Ammonia. You 
can obtain a copy without charge or obligation, by 
requesting it from the address below. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 RECTOR STREET, NEW YORK 6, N. Y. 
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* containing compounds. The SOz-free HF 
is separated from a residual material 
containing the sulfur compounds. 





CRACKING AND REFORMING 


U.S.P. 2,414,770. Production of Diolefins 
by Cracking of Polymers. H. G 
Schneider and V. E. Mistfretta to 
Jasco, Inc. 

Polymers with at least 10 C atoms and 
obtained by the polymerization of terti- 
ary olefins are subjected to temperatures 
of 800-1400° F. Diolefins are obtained, 


U.S.P. 2,414,973. Process for Catalytic 
Cracking of Hydrocarbons. E. F. Nel- 
son to Universal Oil Products Com- 
pany. 

In the catalytic cracking of hydrocar- 
bon oil the charge oil is pretreated with 
a minor portion of regenerated catalyst, 
preferably at a temperature of 800-1200° 
F., to remove deleterious components 
without effecting any substantial conver- 
sion of the oil to lower-boiling hydro- 
carbons. The thus treated. oil is sep- 
arated from the catalyst and the latter is 
returned to the regenerating step. The 
separated oil is cracked in the presence 
of a major portion of the regenerated 
catalyst. The same temperature employed 
in the pretreatment can be used in this 
cracking step or the temperature for the 





| pretreatment can be lower than indicated 


before. 





ISOMERIZATION 





U.S.P. 2,415,061. Vapor-Phase Isomeri- 
zation of Hydrocarbons. M. de Simo 
and F. M. McMillan to Shell Develop- 
ment Company. 

Vapors of hydrocarbon to be isomer- 
ized are contacted under suitable condi- 
tions with a catalyst prepared by im- 
pregnating an adsorptive alumina con- 
sisting of gamma alumina with an effec- 
tive amount of 15-40 percent of AICI; or 
another aluminum halide. 


U.S.P. 2,415,197. Process for Isomerizing 
Hydrocarbons. A. J. van Peski to Shell 
Development Company. 

An isomerizable paraffinic hydrocar- 
bon, such as butane, is continuously 
passed in the liquid phase through a 
heated zone containing solid aluminum 
halide which is partially dissolved in the 
hydrocarbon feed. The solution formed 
is continuously passed through a second 
zone where the hydrocarbon is isomer- 
ized at a moderately elevated tempera- 
ture in the presence of additional solid 
aluminum halide. Only the liquid hydro- 
carbon phase containing dissolved alum- 
inum halide is continuously passed 
through a third zone where precipitation 
of solid aluminum halide is effected by 
cooling. 


U.S.P. 2,415,315. Isomerization of Nor- 
mally Liquid Saturated Hydrocarbons. 
J. F. Walter and E. H. McGrew to 
Universal Oil Products Company. | 
A hydrocarbon mixture containing 

normally liquid paraffinic hydrocarbons 

is contacted with a solid adsorbent pre!- 
erentially adsorbing aromatic hydrocat- 
bons contained in the mixture. The ad- 
sorbed hydrocarbons are thus separated 
from the paraffins. The unadsorbed 
paraffins are isomerized in the presence 
of a metallic halide catalyst. An isomer- 








ized paraffin fraction and an uncom 
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usly Grinnell’s modern pipe fabricating equipment includes this 

sh a specially designed gas-fired radiant heat furnace, with full auto- 

. matic temperature control, for beat treating high alloy steels. 

1 the 

=“ 1000 F.~ a new high record in final steam Special equipment such as heat treatment and 

ner- temperature for public utilities — was specified in bending furnaces with uniform temperature con- 

era- the new steam generating unit for the Missouri trol and distribution is essential for the proper 

rv Avenue Station of the Atlantic City Electric Co. fabrication of this alloy piping. 

um- The fabrication of the Chrome-Moly Alloy Steel As specialists in meeting the most exacting re- 

ssed Piping for this high temperature — high pressure quirements of prefabricated piping for every pur- 

service called for a new high in metallurgical re- pose, Grinnell has the engineering and metallurgi- 
search and the development of superior welding, cal background and the shop facilities for han- 

lor- heat treating and bending procedures. dling any piping job. 

ons. . EE, RS TARE TT OS 1 mute Cte 

7 to 


Write for NEW booklet “Prefabricated Piping by Grinnell” 
GRINNELL COMPANY, INC. 
Executive offices, Providence 1, R. I. GR i E , 
Branch warehouses in principal cities. 
Pipe Fabrication Plants: Cranston, R. I; 
Atlanta, Ga.; Warren, Ohio. 


whenever PIPING is itnvotveo 


ST Ee Al a 











April, 1947—A Gulf Publishing Company Publication 






3 EXCLUSIVE FEATURES 
of AIRETOOL P-Type 
EXPANSION CUTTER HEADS 


3. Easy to 
2. Easy to replace New 
1. Easy to replace float- Form cutters. 
replace pin ing pin. 


ALL important wearing parts in Airetool’s P-Type 
expansion cutter heads can be easily and quickly replaced on 
the job without special tools. The P-Type head with ‘'3000” 
series high speed motor (illustrated below) does a very effi- 
cient job of cleaning coke from still tubes. It is available in 
sizes to fit tubes of 11/7.” to 6” I.D. 


Airetool's double expansion head with offset cone 
cutter is designed for cleaning tubes with extremely heavy 
coke deposits. Cutters are held in blocks which permit expan- 
sion from 7,” in small sizes to as much as 2” in cleaners for 
large diameter tubes. Airetool’s powerful ‘‘3000” series air or 
steam driven motors permit efficient use of combinations of 
heads such as this for the tough cleaning jobs. 


AIRETOOL EXPANDERS, built of heat-treated alloy steels, are 
designed to fit every refinery tube rolling need. 





MANUFACTURING COMPANY 


SPRINGFIELD, OHIO Write for the 1947 


Airetoo!l Bulletin, No 
36, on Tube Cleaners and Expanders for 
Refineries. Airetool Mfg. Co., 316 S$. Center 
Sr Springfield, Ohio 








verted paraffin fraction are separated 
from the resultant products. At least a 
portion of one of these fractions is con- 
tacted with the used solid adsorbent at 
a temperature sufficient to remove the 
adsorbed aromatic hydrocarbons from 
the adsorbent. If the fraction of isomer- 
ized paraffins is employed for removing 
the aromatic hydrocarbons from the ad- 
sorbent, a mixture of aromatic hydro- 
carbons and isomerized paraffins is ob- 
tained which can be used as a hydrocar- 
bon blend suitable as aviation fuel. 





ALKYLATION 





U.S.P. 2,414,271. Catalytic Alkylation. A. 
A. O’Kelly, J. R. Meadow, and R. E. 
Woodward to Socony-Vacuum Oil 
Company 
For the production of high-antiknock 

motor fuel components, ethylene is re- 

acted with an isoparaffin, such as isobu- 
tane, in the presence of HF at a tem- 
perature of 700-900° F. A pressure of 

500-5000 psi may be employed in the re- 

action, but the conditions shall be such 

that all the reactants are in the vapor 
phase. 


U.S.P. 2,414,764. Method for Separating 
Tertiary Olefins. R. F. Pfennig to 
Standard Oil Development Company. 
A hydrocarbon feed stock containing 

tertiary olefin is contacted in admixture 

with phenol with.an alkylation catalyst 
under conditions to cause the alkylation 
of a substantial portion of the tertiary 
olefin with phenol. A resulting liquid 
fraction which includes alkylated phenol 
and hydrocarbon is distilled to separate 
at least a major portion of the hydrocar- 
bon from the alkylated phenol. A por- 
tion of the alkylated phenol fraction 
formed is returned to’ the reaction zone 
while another portion of this fraction is 


| dealkylated to recover tertiary olefin. 


Isobutylene can, for example, be isolated 


| by this process. 





POLYMERIZATION AND 
CONVERSION 





U.S.P. 2,414,205. Production of Motor 
Fuel. E. H. Lang to The Pure Oil 
Company. 

Hydrocarbon oil is first converted into 
hydrocarbons rich in olefins boiling 
within the gasoline boiling range and 
into hydrocarbon gases containing 1-4 C 
atoms. The C; and CG gases then are 
chlorinated to form alkyl chlorides, 
which in turn are used to alkylate the 
higher-boiling portion of the hydrocar- 
bons boiling in the gasoline boiling range 
in the presence of AlCl. The resulting 
alkylate is blended with the lower-boil- 
ing gasoline fraction rich in olefins to 


produce motor fuel. 


U.S.P. 2,414,206. Conversion of Hydro- 
carbons. E. T. Layng to The Poly- 
merization Process Corporation. 
Olefin hydrocarbons to be employed 

in conversion reactions are activated by 

passing them under suitable reaction con- 
ditions of temperature, pressure and 
space velocity through a consolidated 
granular mass consisting of an intimate 
mixture of catalyst granules and spacer 
granules. The catalyst granules are in 
physical non-adhering contact with the 
spacer granules and comprise, each of 
them, an intimate mixture of a metal 
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HROUGHOUT the country, there’s a growing demand for 

OIC valves, the modern, top-quality line that gives you 
your money’s worth and then some. Latest installation 1s in 
a new refinery project where hundreds of OIC steel valves 
are going into the lines. This important project will use 
globes, angles, checks, OS&Y and quick opening gates. 
OIC provides a wide range of sizes and types to fit various 
service conditions. 


Where temperatures and pressures are high, OIC steel valves 
provide an extra margin of strength and safety. Long con- 
densing chamber below the stuffing box protects the packing 
from excessive heat. Bodies and bonnets have liberal thick- 
ness of wall and metal sections to give added protection 
where it is needed. You can always depend on the products 
of OIC, pace-setter in valves! 


Call Your OIC Distributor 
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To Improve Cast... 


Fluorescent Green H.W. 185% produces a 
“Pennsylvania Cast” in lube oils. It is an additive 
which definitely will improve the salability of your 


lubricants. 


Fluorescent Green: H.W. 185% 


readily and complete 


unchanged by transmitted light 


unchanged 
unchanged 


unchanged 


Leading lube refiners in the United States and 
abroad have used Wilmot & Cassidy products for 


fifteen years. For samples, prices, and information 


please write to: 


Wilmot & Cassidy, Inc. 


108 Provost St. . Brooklyn 22, New York 














pyrophosphate capable of reduction to a 
catalyst, such as copper pyrophosphate, 
and finely divided supporting material, 
Each of the spacer granules is composed 
of a material non-reactive with the re- 
duction products of the pyrophosphate, 
such as a carbonaceous material like 
charcoal. The process is employed for 
conversion reactions such as the poly- 
merization of olefins and the alkylation 
of iso-paraffin and cyclic hydrocarbons, 


U.S.P. 2,414,256. Catalytic Conversion of 
Hydrocarbon Oils. duBois Eastman 
and C. Richker to The Texas. Com- 
pany. 

A preheated and vaporized stream of 
a charge stock of heavier hydrocarbon 
oil with a C residue of less than 0.2 per- 
cent and a color of less than 200 on the 
Lovibond half-inch scale is passed 
through an alumina-silica-zirconia cata- 
lyst mass containing about 20 percent 
Al:Os, 70 percent SiO:, and 5 percent 
ZrO:. This mass is maintained at a tem- 
perature of 800-1000° F. and under a 
pressure between atmospheric and 100 
psi. The conditions of hydrocarbon flow 
through the mass are maintained such 
that R has a value in the range of 100- 
1000 as determined by the equation: 


D, U P 
R= —*°—— 
Z 


wherein R is the modified Reynolds 
number, D, is the diameter of catalyst 
particles in feet, U is the average veloc- 
ity in feet per second of fluid mixture 
flowing through the reaction chamber if 
the latter is regarded as empty, P is the 
average density in pounds per cubic foot 
of fluid mixture in the reaction chamber 
under the operating conditions of tem- 
perature and pressure, and Z is the vis- 
cosity of the fluid mixture in the reac- 
tion chamber in pounds per foot per sec- 
ond under the same conditions. The flow 
of hydrocarbons through the mass is 
continued without reactivation of the lat- 
ter for at least several hours. A substan- 
tial naphtha yield with a C yield of not 
more than 0.55 percent by weight of the 
feed oil is obtained. The catalyst is re- 
activated in situ. 


U.S.P. 2,414,328. Method of Operating 
Polymerization Plants. R. D. Pinker- 
ton to Sinclair Refining Company. 
In order to produce polymerized ole- 

fins a gaseous mixture containing both 

butylenes and propylene is contacted 
with a catalyst, and the products ob- 
tained are stabilized in a rectifying zone 
by separating them into a bottoms frac- 
tion containing polymerized olefins sub- 
stantially free from hydrocarbons with 
less than 4 C atoms, an overhead frac- 
tion containing only a minor proportion 
of hydrocarbons with more than 

atoms, and an intermediate fraction con- 
taining at least a substantial proportion 
of butylenes. The ratio of butylenes to 
propylene in this intermediate fraction 
shall substantially exceed the corre- 
sponding ratio in the composite gaseous 
mixture employed as the starting mate- 
rial. This intermediate fraction is re- 

cycled to the catalyzing operation. A 

motor fuel of high antiknock value 1s 

obtained. 


U.S.P. 2,414,373. Conversion of Fluid 
Reactants. C. G. Gerhold to Universal 
Oil Products Company. 
Hydrocarbons are contacted at conver- 

sion temperature with subdivided solid 

catalyst in a reaction zone. The con- 
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N EWA R K 


METALLIC FILTER 
CLOTH 


STAINLESS STEEL 
AND 
MONEL 












DESIGNED 


for 


REFINERY 
FILTRATION 


NEWARK 







fo accuracy. 


| a Metallic Filter Cloth, woven firmly and uniformly 
from carefully selected wire, is free from looseness and wavi- 
ness. No rolling is required to make it lie flat and snug in 
the filter. 


Additional advantages of Newark Filter Cloth include easy 
discharge of filtrate, special overlap weave, a complete line 
(as fine as 100 x 1000 mesh) in all malleable metals, great 


strength and exceptionally long life. 


Wen be glad to supply you with your standard require- 
ments. If you have a special problem we'll be glad to make 


recommendations. 
Jire Gloth 


COMPANY 
334 VERONA AVENUE * NEWARK 4, NEW JERSEY 
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taminated catalyst particles are removed 
from this zone and regenerated by con- 
tact with an oxygen-containing gas. The 
resultant combustion gases and regen- 
erated catalyst are separately removed 
from the regenerating zone. The regen- 
erated particles then are suspended in at 
least a portion of the combustion gases, 
and this suspension is passed through a 
cooling zone. The cooled suspension js 
introduced into a separating zone dis- 
posed at a higher elevation than the re- 
action zone. A portion of the cooled re- 
generated catalyst separated from the 
combustion gases in the separating zone 
is supplied directly from this zone to the 
regenerating zone without prior passage 
through the reaction zone while another 
portion of this catalyst is passed by 
gravity to the reaction zone. 


U.S.P. 2,414,380. Polymerization of Hy- 
drocarbons. C. B. Linn to Universal 
Oil Products Company. ; 
An olefinic hydrocarbon with at least 

3 C atoms is polymerized in the presence 

of a liquid HF catalyst containing a mi- 

nor proportion of HCN. Normally liquid 

hydrocarbons boiling in the gasoline 
range are thus obtained from propylene 

and butylenes. The HCN serves as a 

moderator of the reaction. 


U.S.P. 2,414,646. Hydration of Cyclic 
Olefins. H. J. Hepp to Phillips Petro- 
leum Company. 

A partially-water-soluble cycloalkanol 
containing a single ring of not more than 
6 C atoms, such as cyclopentanol or cy- 
clohexanol, is produced by absorbing 
the corresponding cycloalkene (e.g. cy- 
clopentene or cyclohexene) in aqueous 
H.SO, of, for example, 60-80 percent 
strength. The mixture is diluted with 
water recovered from a subsequent stage 
of the process and containing cycloalka- 
nol. Unreacted cycloalkene is recovered, 
and the cycloalkanol formed is separated 
from the aqueous acid by distillation, the 
cycloalkanol distilling as an azeotropic 
mixture with water. The resulting cy- 
cloalkanol-water azeotrope is condensed 
and allowed to stratify into two layers. 
The cycloalkanol is recovered from the 
cycloalkanol layer containing water 
while the water layer containing cyclo- 
alkanol is recycled for the dilution of 
the acid. 


U.S.P. 2,414,736. Catalytic Conversion of 
Heavy Oils. J. B. Gray to Standard 
Oil Company of Indiana. 
Salt-contaminated heavy hydrocarbon 

oils are converted by the action of solid, 
finely divided refractory catalyst sus- 
pended in the oil vapors. The catalyst 1s 
continuously cycled from a reaction zone 
to a regeneration zone: and back again. 
A minor aliquot proportion (e.g. 0.5-10 
percent) of the regenerated catalyst 1s 
withdrawn from the regeneration zone, 
washed with water to remove salt there- 
from, and then passed to the conversion 
zone. Lighter products including gas 
line free of salts are obtained. 


U.S.P: 2,414,760. Selective Polymeriza- 
tion of Mono-Olefins. H. O. Mottern to 
Standard Oil Development Company. 
Tertiary C.-Cs olefins, such as isobuty- 

lene, contained in a refinery C,-Cs frac- 

tion which also contains normal Cr 

olefins, are selectively polymerized in 4 

two-stage process. In the first stage 


tertiary olefin is selectively extracted by, 


intimate contact with an aqueous ben- 


zene sulfonic acid solution of 50-75 per- 
cent concentration at a temperature © 


Petroleum Refiner—V ol. 26, No. 4 


Wa 
in C 


FasL 


WA’ 


pril, 









moved 
y con- 
s. The 
regen- 
moved 
regen- 
1 in at 
gases, 
ugh a 
sion is 
e dis- 
he re- 
ed re- 
m the 
x zone 
to the 
assage 
nother 


ed by 


f Hy- 


versal 


t least 
sence 
a mi- 
liquid 
soline 
>ylene 

as 4 


Cyclic 


Petro- 


lkanol 
e than 
or cy- 
yrbing 
g. cy- 
ueous 
ercent 

with 
stage 
oalka- 
vered 
arated 
n, the 
tropic 
g cy- 
lensed 
ayers 
m the 
water 
cyclo- 
on of 


ion of 
ndard 


arbon 
solid, 

sus- 
yst is 
. zone 
again 
0.5-10 
yst iS 
zone, 
there- 
-rsion 
gaso- 


eriza- 
ern to 
pany. 
buty- 
frac- 
CG 
| ina 
stage 
ed by 

ben- 
) per- 
re of 


Jo. 4 





PORGED STEEL FITTINGS 
CAN SAVE YOU MONEY 



























On ANY kind of piping job—high or low pressure —where ) 
vibration, pounding, or shock loads cause leakage at the joints, | 
a W-S FORGED STEEL FITTING 
can save you money. Because 
itis FORGED for STRENGTH, 
it can be drawn up tighter 
and machining is up to the 
high A.S.T. standards. 

Wherever you see the 
W-S mark on a fitting, it 
is FORGED for ‘STRENGTH. 










Watson-Stillman fittings are available 
in Carbon Steel, Carbon Molybdenum, 
Chromium Molybdenum and various 
types of Stainless Steels. Socket Weld- 
ing and Screw End Types up to 4 in. 
Write or call for Bulletin A-3. 










WATSON-STILLMAN CO. ¢ ROSELLE, NEW JERSEY 
Sold Through Leading Industrial Distributors 
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One of two MURRAY multistage steam turbines, designed to 
deliver 685 horsepower on steam at 110-pounds and exhausting 
to 262 inches Hg vacuum, furnished to drive high speed 


centrifugal com- 
pressors for re- 
frigeration ‘in one 


of the most prom- 





: ' : : _ ___inent Southern 

Hotels. A _ third 
M U L T ! S T A G E unit has aco 
STEAM TURBINES been. shipped. 


Equipment _ in- 





cludes variable 
* 4 * a speed oil relay 
governor, trip and 
throttle valve, strainer surrounding the double seated balanced 
governor valve, and force feed lubrication. 
The complete MURRAY line of steam turbines includes all 
variations of mechanical drives, and turbine generator sets up 
to and including 3000 KW rating. 
Sales Representatives for Murray products are located in all 


principal cities. 








DN WORKS COMPANY 


BURLINGTON, IOWA 
Builders of Steam Power Equipment for Three Quarters of a Century 
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40-65° C. for a period of 20-60 minutes. 
In the second stage, directly following 
the first stage, the extract of tertiary 
olefin is subjected to a temperature of 
100-140° C. under increased pressure 
(e.g. a pressure of 105 psi), whereby 
tertiary olefin polymer is formed. F 


U.S.P. 2,414,812. Catalysis. E. J. Houdry 
to Houdry Process Corporation. — 
Catalytic reactions are effected in a 

cycle of alternating endothermic and 
exothermic regeneration operations by 
contacting hydrocarbons (at controlled 
temperatures above 700° F.) with a con- 
tact mass consisting of discrete pieces 
of active catalytic material uniformly 
mixed with discrete pieces of a relatively 
inactive heat-absorbing material of a 
density of at least 3 and capable of 
withstanding temperatures of about 
2000° F. The inactive heat-absorbing 
material preferably shall have a size 
sufficiently differing from that of the 
catalytic material to permit segregation 
by screening, and the volumetric ratio 
of the active material to the inactive ma- 
terial in the contact mass is within the 
range of 1:5 to 3:1. Fused alumina can 
be used as the inactive material. 


U.S.P. 2,414,852. Catalytic Process and 
Apparatus. H. E. W. Burnside and 
H. J. Ogorzaly to Standard Oil De- 
velopment Company. 

In the catalytic conversion of hydro- 
carbon oils, particularly in catalytic 
cracking, finely-divided catalyst is con- 
tinuously circulated through a conver- 
sion zone and a regenerating zone and 
the catalyst is maintained in a relatively 
dense fluidized layer within the conver- 
sion zone. The hydrocarbons are passed 
upwards through this zone at a rate 
controlled to prevent entrainment of the 
catalyst in the hydrocarbon vapors. A 
second batch of the catalyst is main- 
tained in the regeneration zone located 
at a substantially different elevation than 
the conversion zone, and a confined 
vertical column of the catalyst is main- 
tained between these zones and is open 
to both zones. The catalyst is main- 
tained in a freely-flowing, fluidized state 
capable of generating a fluid pressure 
within said column. A stream of the cat- 
alyst is continuously withdrawn from 
the lower of the two zones and is dis- 
charged at a controlled rate into the 
stream of gases passing to the upper 
zone. The back pressure on the lower 
treating zone is controlled to regulate 
the level of catalyst in the upper zone. 


U.S.P. 2,414,972. Conversion of Hydro- 
carbons. E. F. Nelson to Universal 
Oil Products Company. 
Hydrocarbons are subjected to endo- 

thermic conversion in a first reaction 

zone containing solid contact material. 

In a second zone carbonaceous matter 

is simultaneously burned from such solid 

contact material. Thereafter hydrocat- 
bons are endothermically converted 
this second zone while carbonaceous 

matter is burnt from the contact m 

terial in the first zone. Admixture 0 

the combustion gases and the products 

of conversion is prevented. Hot combus- 
tion gases from the first zone are com 
ducted through a first heat-retentiv¢ 
mass and those from the second zone 
through a second heat-retentive mass 10 
store heat: The combustion gases dis- 
charging from these masses are passed 
in indirect heat exchange with wate! 
to generate steam. A portion of this 
steam is passed during the hydrocarbon 
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handled by 
ANACONDA ARSENICAL 
ADMIRALTY TUBES... 






(Above) Inserting Anaconda Ar- 
senical Admiralty 439 Tubes in 
tube bundle at Houston, Texas, 
butadiene plant of Sinclair Rub- 
ber, Inc. Photograph at right 
shows tube bundle ready for in- 
stallation in one of the shells on 
top of superstructure. 


‘ae CONDENSERS shown in the photographs 
above are located at the butadiene plant of Sin- 
clair Rubber, Inc., Houston, Texas. They were 
built to handle light hydrocarbon from the 
fractionating towers. 

In order to provide the required heat transfer 
and economical service under the corrosive con- 
ditions encountered, the tubes being installed 
are Anaconda Arsenical Admiralty 439. 

This Anaconda Alloy has been manufactured 
on a commercial basis since 1934. It is but one 
of 11 standard and several special condenser 
tube alloys currently produced by The American 
Brass Company. 

This list provides tubes to meet a wide range 
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of heat transfer requirements. The*hroad metal- 
lurgical knowledge and practical experience of 
our Technical Department is available in help- 
ing you make the right selection. ome 





CONDENSER TUBES 


THE AMERICAN BRASS COMPANY 
General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: ANACONDA AMERICAN Brass Ltp., 
New Toronto, Ont. 
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OPERATION COST 


SCORES IN 
LOUISIANA 


Louisiana with her wide diversification of 
industries, thriving cities and vast areas of 
irrigated rice lands has in use more than 
six hundred and thirty Layne Well Water 
Systems. These skillfully engineered and pre- 
cision built systems—equipped with the 
famous Layne high efficiency Vertical Tur- 
bine Pumps, are producing many hundred 
millions of gallons of water daily at an 
amazingly low cost. 

Throughout the entire state of Louisiana, 
Layne Well Water Systems far outnumber 
all other kinds combined . .. . proving by 
actual use that Layne equipment is definitely 
superior in high efficiency, rugged quality, 
and long life. ; 

Nearly seventy years of specialized engi- 
neering experience and research stand be- 
hind Layne Well Water Systems. For your 
water supply needs . . . . if quality, effi- 
ciency, and proven long life are factors, you 
will unquestionably prefer Layne Wells and 
Pumps. For literature address Layne & 
— Inc., General Offices, Memphis 8, 

enn. 


PUMPS For 
Wells— Lakes — Rivers —Reservoirs— 
Irrigation Projects—are obtainable in 
sizes from 40 to 16,000 gallons per 
minute, powered by electric motor, 
V-belt or angle gear drives, Write 
for Pump Catalog. 


F 


WELL WATER SYSTEMS 
VERTICAL TURBINE PUMPS 


AFFILIATED COMPANIES: 
§ Ark. * Atlantic 


Layne-Central *Co., emphis, Tenn 
Co., Mishawaka, Ind. * 
Charlies. La., * 





Layne- of Mine Mins 
* International Water Supply Ltd., ’ ndon. (Ont. 
Layne-Hispano Americana. S. A., Mexico, D. F, 





conversion through the contact mass in 
the first zone and commingled there 
with the hydrocarbons. Another portion 
of the steam is correspondingly passed 
through a second zone during the con- 
version of hydrocarbons therein. Nor- 
mally-liquid, relatively light hydrocar- 
bons, such as naphtha, gasoil and the 
like, or normally-gaseous hydrocarbons, 
such as butanes and butylenes, can be 
converted by means of this process to 
more vohiibte: normally-gaseous frac- 
tions, containing butadiene, acetylene, 
etc. In the cracking of naphtha tempera- 
tures of 1400-1600° F. can, for example, 
be used for a period of 0.1 second or 
less, while in the catalytic conversion 
of butane and butylene temperatures of 
1050-1150° F. can be used for the same 
period under subatmospheric pressure. 


U.S.P. 2,415,101. Method for Making 
Phenol: R. H. Krieble and W. I. Den- 
ae to Socony-Vacuum Oil Company, 

nc. 


A mixture of crude-benzol vapor and 
oxygen containing gas is passed under 
pressure through a heated reaction zone 
void of solid catalyst to convert a part 
of the benzene in the crude benzol to 
phenol and other oxidation products, 
such as diphenyl. Unreacted substantial- 
ly-pure benzene is separated from the 
phenol and other oxidation products 
formed and is recycled in the reaction 
mixture. Fresh crude benzol is added 
continuously to the unreacted substan- 
tially-pure benzene at a greater rate 
than that at which benzene is converted 
to phenol and the like. Excess pure 
benzene is removed prior to its admix~- 
ture with the fresh crude benzol con- 
taining one or sevéral of the usual im- 
purities, viz. a paraffin, an olefin, and 
cyclohexene. The addition of the fresh 
crude benzol and the removal of the 
excess pure benzene is so proportioned 
that a concentration of 0.25-5 percent of 
said impurities is maintained in the mix- 
ture. 


U.S.P. 2,415,102. Process for tne Prepa- 
ration of Pure Oxygen Containing 
Derivatives of Aliphatic Hydrocar- 
bons. A. Landgraf and O. Roelen, 
vested in the Alien Property Custo- 
dian. 

Pure oxo compounds of alkene hydro- 
carbons, including aldehydes, alcohols, 
fatty acids, and ketones, are prepared 
from hydrocarbon mixtures containing 
alkenes by separating the hydrocarbon 
mixtures into alkene fractions contain- 
ing molecules the C atoms of which 
differ in number from two to three. The 
alkenes are subjected to catalytic action 
with CO and H until the number of C 
atoms to the molecule has been raised 
by one. The boiling range for each of 
the fractions containing oxo compounds 
is thereby raised so that it is much 
higher than the highest boiling point of 
the corresponding alkene fraction of the 
original mixture. The catalyzer is re- 
moved from each fraction, the aldehydes 
formed are reduced to alcohols, and the 
latter are obtained in a pure state by 
vacuum fractionation. The separation of 
the charge hydrocarbon mixture by 
fractionation is, for example, carried out 
in such a manner that the first fraction 
Cw-C» alkenes boils at 165-220° C., the 
second fraction Cx-Cy alkenes at 200- 
225° C., the third fraction Cu-C. alkenes 
at 255-291° C., and the fourth fraction 
Cu-Ca alkenes at 295-350° C. 


U.S.P. 2,415,172. Production of Polymers 
from Alcohols Using a Boron Fly. 
oride-Acetic Acid Complex Catalyst, 
J. T. Horeczy to Standard Oil Devel- 
opment Company. 

An aliphatic alcohol containing a tertj- 
ary C atom is contacted with a complex 
of BF; and acetic acid for a sufficient 
interval to form a high-boiling hydro. 
carbon polymer. Tertiary butyl alcohol 
is, for example, treated to form a high- 
boiling hydrocarbon suitable for use in 
a high-octane motor fuel. 5-40 percent 
of the catalyst complex can consist of 
BF;. The contact time can vary -be- 
tween 30 minutes and 2 hours. 


U.S.P. 2,415,272, Conversion of Hydro- 
carbons. W. L. Benedict and W. J. 
Mattox to Universal Oil Products 
Company. 

Gasoline and alkyl aromatic hydrocar- 
bons are produced in combination by 
cracking a fresh hydrocarbon oil (e.g, a 
Gulf Coast gasoil) and an aliphatic re- 
cycle stock and separating from the re- 
sultant product a gasoline fraction with 
an.end point of 250-350° F. and a naph- 
tha fraction boiling above the range of 
the gasoline fraction and having an end 
point of 400-500° F. The olefins present 
in the naphtha fraction are converted to 
more saturated hydrocarbons, and an 
olefin-free naphtha section is separated. 
Benzene is commingled with this olefin- 
free naphtha fraction and is reacted with 
poly-alkylated benzene contained in this 
fraction to effect the transfer of alkyl 
groups to the benzene. Unconverted 
aliphatic hydrocarbons and an olefin-free 
mono-alkylated benzene are separated 
from the products of the last-named 
step. The aliphatic hydrocarbons are re- 
cycled to the cracking step as the above 
mentioned recycle stock, while mono- 
alkylated benzene is recovered. Toluene 
or ethyl benzene, for example, are pro- 
duced by the process. A silica-contain- 
ing catalyst can be employed in the 
cracking step as well as in the reaction 
of benzene with poly-alkylated benzene. 





HYDROGENATION 
DEHYDROGENATION 
AROMATIZATION 





U.S.P. 2,414,276. Catalytic Conversion 
Process. E. E. Sensel and R. A. Beck 
to The Texas Company. 

Compounds of 2 or more C atoms are 
formed by continuous hydrogenation of 

oxides of carbon in the presence of 4 


‘powdered catalyst comprising about #4 


percent diatomaceous earth, 32 percent 
cobalt, and 4 percent thorium and mag- 
nesium oxides, A mixture of an oxide of 
carbon and hydrogen is continuously 
passed over this catalyst under condi 
tions such that normally gaseous and 
normally liquid compounds are formed, 
e.g., at a temperature of 320-420° F. Re 
action products and catalyst are continu- 
ously withdrawn from the reaction zone. 
A naphtha fraction and a gasoil fraction 
are separated from the reaction products. 
The spent catalyst is treated with a por- 
tion of the gasoil at a temperature 0 
500-800° F. in the.presence of hydroget, 
whereby the gasoil is cracked and the 


‘catalyst is reactivated. 


U.S.P. 2,414,685. Catalytic Dehydrogena- 
tion. F. T. Eggertsen and H. H. Voge 
to Shell Development Company. 

A hydrocarbon is continuously de- 
hydrogenated in the presence of steam 
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Efficient,low cost operation and continuous 
trouble-free performance are characteristic of the 
. WILFLEY pump. This is the pump that runs 24 
ction hours a day, for weeks and months on end... 
a without attention. The WILFLEY embodies many 
exclusive features of design and construction, 
pioneered and develaped through years of exper- 
ience in the field. Heavy pumping parts of rubber, 
sion : alloy iron, alloy steel, whatever matgrial best suits 
Beck your particular requirements. Individual engineer- 
Is are ing on every application. Wire or write for details. 
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with a catalyst consisting of magnetic 
oxide of iron and potassium carbonate 
prepared by combining a powdered iron 
oxide which has been calcined at a tem- 
perature of 700-950° C. for a sufficient 
time to reduce the available surface to 
below 8 square meters per gram with 
from 25-100 mol percent (calculated as 
K;O and based on the iron oxide calcu- 
lated as Fe:Os) of a compound of K 
convertible to potassium carbonate under 
the reaction conditions. The catalyst 
mixture obtained is formed into pellets 
which are hardened by heating at a tem- 
perature below 800° C. 


U.S.P. 2,414,620. Catalytic Dehydroiso- 
merization of Five-Membered Alicyclic 
Ring Hydrocarbons Having Six or 


Interchangeable Parts 7 
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Aromatic Hydrocarbons. R.A. Trimble 

to Shell Development Company. 

A mixture of hydrocarbons containing 
five-membered alicyclic ring compounds 
with at least 6 C atoms to the molecule 
is contacted under dehydroisomerization 
conditions with a catalyst which essen- 
BRONZE tially consists of molybdenum sulfide 











IRON BODY In servicing the Bronze ‘“‘Renewo"” 







150 Ib. S. P. : and Iron Body “‘Ferrenewo" Valves 200 Ib. S. P. . : ¢ 
“FERRENEWO" I cal reguler and . pes: “RENEWO".§ | and contains a promoting amount of 
aay oar plug “ | about 2-15 percent of nickel-in the sul- 









only one stock of parts is required. 
All parts (except bodies and bon- 
net rings) are exactiy the same and 


fit each other perfectly. 


|. fide state. Aromatic hydrocarbons are 
obtained by this process, e.g., benzene 
from a hydrocarbon mixture containing 
methylcyclopentane. 
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| U.S.P. 2,414,816. Method for Dehydro- 
genating Normal Butenes to Form 
Butadiene. C. E. Kleiber, D. L. Camp- 
bell, D. E. Stines and C. C. Nelson to Nc 
Standard Oil Development Company 






For example—if you need a stem, 

disc, or seat ring for the “RE- 

NEWO”,, you can use the corre- 
spondina port of the 
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as 
“FERRENEWO”, and N-butenes are heated to a tempera- ex] 
vice versa. ture somewhat below reaction tempera- dif 
ture while steam is separately heated to 
a temperature above that of the reaction. cor 
Repairs are more The heated materials are mixed and im- 
quickly and easily mediately injected into a reaction zone per 
made, ordering and where the butenes contact a dehydro- 
hondling are simpli- genation catalyst at a reaction tempera- pre 
fied. The result: Lower ture of 1100-1300° F. The reaction prod- po 
maintenance cost and ucts are withdrawn from the reaction 
low ultimate valve zone after a relatively short period to cor 
cost. prevent undesired reactions, and then are 
Lunkenheimer part-interchangeability is fully illustrated | quenched immediately to temperatures to: 
and described in Circular No. 567. below 1000° F. They are further cooled a 
to condense at least a major portion of 
Ask your Lunkenheimer Distributor for a copy the steam while the butadiene formed is tut 
or write direct. left in vapor phase. The uncondensed 
portion of the reaction products is cooled lar 
and fractionated to recover butadiene 
VALVE MAINTENANCE SIMPLIFIED! therefrom. The steam and other diluent era 
to butene ratio employed may vary from ed 
There are fewer parts to be carried, repairs are more 7-15. Water may be injected for quench- 
quickly and easily made. The labor, time, and expense of ing the reaction products leaving the re- cor 
valve maintenance is cut down—'way downl action zone. in 

















Fig. 16 , 
Bronze an | U.S.P. 2,414,889. Destructive Hydrogena- 
ee ; Bl tion. E. V. Murphree to Standard sor 
SAVE THIS WAY, TOO! | Catalytic Company. ane | 
’ Lower-boiling. hydrocarbons suitable Br 
r a - : | as motor fuel are obtained from a — f 
er severe throttling service. a regular / | boiling hydrocarbon oil of the gasoil type | 
type cam be converted inte « plug type. sae your by treating the latter with 5000-20, ser 
eee ms = — pn nae cubic feet per barrel of oil of a mixture tub 
erro 9S hace ane msn mavenntnent of hydrogen and methane containing the 
Thus it's not necessary to buy a whole gen wa ge methane in a proportion of 40-85 mol Pas 
= yee gehen y 7 Bagger eee indountel conters. There percent. The treatment is carried out at 
riectly in din tt a is one near you—have a temperature of 500-1000° F. under @ 
Pees in @ range of pressures from 150 "im demonstrate with pressure of 60-1000 atmospheres and if 
sizes in a range of pressures from 150 = oeyal samples the in- s rising 2 
to 350 Ib. S. P. terchangeability of parts the presence of a ro ee comp a 
, in ‘*RENEWO"’ and minor proportion of a sulfide of a 
a os coy a = , | L BERRENEWO" Valves. of group VI of the periodic system an 
Fig. 16-P mum n parts, an: @ pr on it's a big time and a major: proportion of a clay pretreate 
Bronze Plug Type workmanship make this and other out- money saver for any : I f the 
“RENEWO" standing economies possible. plant! by HF. A substantial proportion 0 4 
_ . methane reacts with the mone cape 
— oe ° . ucts of the treatment are cooled w! 
THE LUNKENHEIMER oo Cincinnati 14, Ohio reduction of pressure. Liquid and gaseous 
( OFFICES: NEW YORK 13, CHICAGO 6, BOSTON 10, PHILADELPHIA 7 products are separated and the pressure 
on the liquid products then is reduce 





EXPORT DEPARTMENT: 318-322 HUDSON ST., NEW YORK 13, N. Y.) 
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Photo: Courtesy of 
Henry Vogt Machine Co., 
Louisville, Ky. 


ONE OF BRIDGEPORT’S 
CONDENSER TUBE ALLOYS 
MAY SOLVE YOUR CORROSION PROBLEMS 


No one metal or alloy can be 
expected to withstand the many 
different corrosive elements en- 
countered in chemical plants, 
petroleum refineries and food 
processing industries. Bridge- 
port has developed a number of 
condenser tube alloys designed 
to meet a wide range of operat- 
ing conditions. Selection of the 
tubirig best suited for a particu- 
lar application requires consid- 
erable experience and knowl- 
edge. Bridgeport maintains a 
consistent program of corro- 
sion research involving labora- 
tory work as well as field and 
service tests. Contact the nearest 
Bridgeport office for technical 
service to help reduce premature 
tube failures, and write for 112- 
page Condenser Tube Manual. 














ARSENICAL ADMIRALTY — for handling sea water or polluted fresh circulating 
water, hydrocarbon gases containing sulfur compounds, lubricating oils, gaso- 
line, naphtha, etc. 


ARSENICAL MUNTZ*— excellent for resisting high sulfur compounds as well as 
dezincification from corrosive water. More effective than ordinary Muntz. 


CUZINAL — superior to Admiralty for resisting air impingement corrosion or 
erosion-corrosion produced by high water velocities. Resists dezincification and 
sulphide corrosion encountered in condensers and coolers handling various 
types of petroleum products. 


CUPRO NICKEL — resists stress corrosion cracking caused by moist ammonia, 
oxygen and stress. Shows good resistance to caustic and other alkaline liquids 
and salt solution. Fine resistance to air impingement corrosion produced by 
high sea water velocities. 


RED BRASS — resists corrosive waters and hydrocarbon vapors. Better for resist- 
ing stress corrosion than Admiralty or Cuzinal, but not recommended for severe 
sulfur corrosion. 


DURONZE IV**— excellent for circulating sea water and brackish waters polluted 
with wastes. Gives fine service conducting hot brine in salt refineries and cor- 
rosive liquids in many processing plants. 


DUPLEX TUBING — for double corrosive conditions too-severe for single metal or 
alloy—extensively used in ammonia refrigeration systems and heat exchangers 
and condensers handling a wide variety of organic and inorganic chemicals. 
Available in Red Brass, Copper, Cuzinal, Cupro Nickel, Muntz, and Duronze IV 
... with steel, aluminum, stainless or monel. Inner and outer tubes are selected 
to combat a specific corrosive element and mechanically combined to give good 
heat transfer. Gur Technical Bulletin No. 746 covers applications and methods 
of installing Duplex Tubing. * U.S. Pat. No. 2,118,688 ** U.S, Pat. No. 2,093,380 
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so that a portion thereof is vaporized. 
The still liquid products are fractionated 
to obtain a fraction boiling in the motor- 
fuel range and a higher-boiling fraction. 
The vapors evolved by the reduction of 
pressure are combined with the gaseous 
products separated before and the vapor 
mixture is recycled to the reaction to 
provide at least a portion of the mixture 
of hydrogen and methane. 


U.S.P. 2,414,951. Application of Metal 
ulfide Catalysts in Vapor-Phase 
Treatment of Mineral Oils. Z. V. 
oe and D. D. Davidson to Shell 
evelopment Company. 

In treating mineral oils in the vapor 
hase with a metal sulfide catalyst the 
ollowing steps are employed in repeated 
sequence: (1) dehydrogenation at a 
temperature above 800° F. of mineral 


oil containing less than 0.10 percent S$ 
to increase the aromatic content of the 
oil; (2) removal of carbonaceous agony 
from the catalyst by burning; (3) de 

furization of the obtained mineral oil 
containing at least 3 percent S under 
hydrogenation conditions at a ——e 
ture below 800° F. Nickel sulfide or 
cobalt sulfide, if desired, in combination 


with tungsten sulfide or molybdenum — 


sulfide, can be employed as the catalyst. 


U.S.P. 2,414,962. Manufacture of Buta- 
dienes. W. J. Mattox to Universal Oil 
Products Company. 

A mixture of n-butane and n-butene 
is dehydrogenated to form butadiene 
which is separated from the conversion 
products containing a minédr amount of 
isobutene and lower- boiling gaseous 
products incidentally formed. The isobu- 





J-M 
Interlocked 
No. 270 








with less gland pressure 


Less gland pressure means more life for packing! That’s one 
of the reasons why J-M No. 270 Interlocked lasts longer in 


hot oil service. 


J-M Interlocked requires less compression because it is 
braided square for greater cuntact on the rod or plunger... . 
not braided round and pressed square like ordinary packings. 

Another reason J-M Interlocked lasts longer is its dense, 
integral structure without jackets or plaits to come loose. 
Every strand of its long fibre asbestos extends into the packing 


and is securely interlocked. 


J-M Interlocked is but one of the many special J-M Packings 


for oil service at your Supply House. Johns- 
Manville, Box 290, New York 16, N. Y. 
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tene and the gaseous products are sepa. 
rated from the rémaining products an 
only the latter are returned to the dehy. 
drogenation step. 


U.S.P. 2,415,065, 2,415,066. Cycloparaffin 
Production. W. E. Ross and P. Pezza. 
lia to Shell Development Company, 
Cycigliarase is obtained from a naph- 
thenic gasoline fraction comprising 
methylcyclopentane, cyclohexane, anj 
open-chain paraffins of about the same 
boiling range by contacting this fraction 
with a- Friedel-Crafts metal halide iso- 
merization catalyst under methylcyclo. 
pentane isomerizing conditions. The re- 
sulting isomerizate is thermally cracked 
at a temperature of 550-700° C. for 5-3 
seconds. The open-chain paraffins are 
thereby selectively converted to lower- 
boiling hydrocarbons. Hydrocarbons 
comprising cyclohexane and hydrocar. 
bons comprising methylcyclopentane are 
separated from the cracked products by 
fractional distillation, and the hydrocar- 
bons comprising methylcyclopentane are 
recycled to the isomerization step. 
According to U. S. P. 2,415,066, the 
starting mixture comprising methylcy- 
clopentane, cylohexane and open-chain 
paraffins with 6 and 7 C atoms is first 
treated to separate a lower-boiling frac- 
tion comprising methylcyclopentane and 
a higher-boiling fraction comprising cy- 
clohexane, methylcyclopentane and open- 
chain paraffins with 7 C atoms. The 
lower-boiling fraction is isomerized in 
the above indicated manner, and the 
higher-boiling fraction is thermally 
cracked as indicated before and for the 
indicated purpose. 





DESULFURIZATION 





U.S.P. 2,414,626. Desulfurization in Hy- 
drocarbon Conversions. J. G. Allen to 
Phillips Petroleum Company. 

In the alkylation of hydrocarbons con- 
taining organic sulfur compounds in the 
presence of an HF catalyst, acid-soluble 
oils formed during such conversion of 
hydrocarbons are added to the reactants. 
These oils absorb the sulfur compounds. 
They are separated from the effluent of 
the reaction zone, At least a portion of 
the acid-soluble oils in desulfurized and 
recycled to the reaction zone. 


U.S.P. 2,414,963. Process of Removing 
Sulphur from Mineral Oil. E. B. Mc- 
Connell to The Standard Oil Com- 
pany (Ohio). 

Sulphur compounds contained in crude 
oil are selectively heat-cracked at a tem- 
perature just below oil-cracking temper- 
ature, preferably above 500° F. The 
temperature of the oil is lowered and 
the hydrogen sulfide formed is dis 
tilled off. The oil subsequently is frac 
tionated. 


HEAVY OILS AND WAXES 


Re. 22,829, 22,830. Compounded Hydro- 
carbon Oil (and Compounded Oil, Re- 
yelp, J. T. Rutherford and R. J. 

iller to California Research Corpora 
tion. 

The hydrocarbon oil composition de- 
scribed which is to be used particularly 
as a lubricant comprises & major pro- 
portion of hydrocarbon oil of lubricating 
viscosity and a small amount of a poly- 
valent metal salt of a sulfur-containing 
acid of P having at least one oil-solubil- 
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CAN YOU CHECK 
TO THESE 8 QUESTIONS?.<z 
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get the facts about Petreco Desalting 
to help your refinery. 


The Benefits of Petreco Desalting go far beyond efficient salt removal. Each refiner benefits 
in his own particular way but every refiner reports more on stream time, reduced corrosion 
and a smoother operating schedule. Many have simplified crude tank bottoms disposal by 
merely adding “the bottoms” to the crude entering their Petreco Desalters. Others show 
substantial economies by taking crude oils best suited for manufactured products and under 
most favorable price quotations and desalting them, rather than by restricting purchases to 
low salt content crudes in order to conform with the salt tolerance of their refining equip- 
ment. No experienced operator can overlook the importance of a time schedule. With prop- 
erly desalted crudes, shut downs are scheduled according to a planned routine; — they don't 
just happen when the equipment “plugs up”! 

Why miss any good bets? It costs you nothing to have a talk with a Petreco Engineer. It 
costs you nothing to have Petreco check up on the salt situation in your refinery. It costs you 
nothing to have all the facts... and you stand to make money on the deal! Plenty of re- 
finers have. Plan with Petteco for desalting profits. 


PETROLEUM RECTIFYING COMPANY 
5121 SOUTH WAYSIDE DRIVE, HOUSTON .1, TEXAS 
648 EDISON BUILDING, TOLEDO 4, OHIO 
530 W. 6TH STREET, LOS ANGELES 14, CALIFORNIA 
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wing organic substituent and containing 
at least 24 C atoms. Enough of the salt 
is added to stabilize the oil against de- 
terioration by heat and oxidation, Be- 
tween 0.25 and 2 percent by weight of 
a salt of an acid ester produced by a 
reaction of the type: 

2 ROH + P,S; — R:PO.S.:H + H:S 
is, for example, used, wherein ROH is 
an alcoholic or phenolic hydroxy com- 

ound, the Cr, Al, Pb salts of which can 
e employed. 

According to Re. 22,830 an alkali earth 
metal salt of a sulfur-containing acid of 
P is employed as addition agent. 


U.S.P. 2,414,257. Lubricating Oil. E. A. 
Evans and J. S. Elliot to C. C. Wake- 
field and Company, Ltd. (British.) 
The extreme-pressure lubricant ac- 

cording to this patent comprises a 


major proportion of a hydrocarbon min- 
eral oil, to which are added a di- (3-car- 
bomethoxy - 4- hydroxyphenyl) polysul- 
fide, and a 2-mercaptobenzothiazole or 
benzothiazole disulfide. The first-named 
additive brings about the extreme-pres- 
sure characteristics of the lubricant, and 
the second named serves as a corrosion 
inhibitor. It is used in an amount of less 
than 0.5 percent which is sufficient to 
eliminate corrosion of copper and cu- 
prous alloys but insufficient materially to 
enhance the extreme-pressure properties 
of the composition. The polysulfide can 
be employed in amounts of 0.5-2 percent. 


U.S.P. 2,415,296. Lubricating Oil B. H. 
Lincoln and G.: D. Byrkit. 
The lubricant according to this patent 
comprises in combination a major pro- 
portion of oil of lubricating viscosity and 








ALL-PURPOSE 


STEEL VALVES 





= in the P. opular 


P. rice Range 


The well-known, tried-and-proved line of Wedgeplug 
All-Purpose Gear-Operated and Handwheel-Operated 
Steel Valves is now supplemented by a line of Wrench-Oper- 
ated Wedgeplug Valves that combine the best features of a 


A PREMIUM PRODUCT. 


UG 


Wrench 
Operated 





Plug Valve with those of a Gate Valve, and yet sell within ] oat com) 
the popular price range. == 
Wedgeplug—through the development of a simple, pat- canton 


ented plug valve construction—gives you: Large port open- 
ings; wedging action; raised 
seats; and, an easy-to-operate 










Worm 


Operated 


designs. 


tion. The advantages of the 
“Wedgeplug Principle” 
been clearly revealed through 
actual use under widely-varying 
and drastic service conditions 
- + « Write for details of both 
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WEDGEPLUG VALVE CO., Inc. 
*K Factory and General Sales Offices KK 
1302 South Broad Avenue 
NEW ORLEANS 15, LA. 


Sales Offices 


NEW YORK—CHICAGO—LOS ANGELES—PITTSBURGH—KANSAS CITY- 


HOUSTON 


OKLAHOMA CITY—WICHITA—TULSA—ODESSA—AMARILLO—CHARLOTTE 
Other Good Territories Now Open for Sales Representation 
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a minor proportion of a salt of a sulfur- 
ized relatively-high-molecular-weight un- 
saturated carboxylic acid. The stlfuriza- 
tion of this acid is carried out by a 
phosphorous polysulfide containing more 
than 50 percent S. The oil is stabilized 
by the addition against oxidation. The 
calcium salt of sulfurized oleic acid, 
benzyl-trimethyl ammonium salts of sul- 
furized corn oil acids, or triphenyl-tin 
salts of sulfurized soybean oil acids are, 
for example, employed as additives. 


U.S.P. 2,415.353. Rust Preventing Tur- 
bine Oil. R. K. Johnston and J. [| 
Wasson to Standard Oil Development 
Company. 

The mineral lubricating oil according 
to this patent contains 0.01-1.0 percent 
of an alkali metal mahogany sulfonate 
and 0.01-1.0 percent of a polyvalent metal 
naphthenate, such as zinc naphthenate, 
dissolved in the oil. The ratio of the 
quantities of the two additives is ad- 
justed so that the oil blend exhibits sub- 
stantially no emulsifying tendency in the 
presence of water when used as a tur- 
bine oil. 


Russian Dictionary 


A “Russian-English Technical and 
Chemical Dictionary,” compiled by Lud- 
milla I. Callaham, is being published by 
John Wiley & Sons, Inc., New York. 
In the preface it is stated that “this 
work is intended chiefly for English- 
speaking scientists with a fair knowl- 
edge of Russian,” and since the ar- 
rangement of the book is based on the 
alphabetical order of the Russian words, 
this would seem to be an accurate de- 
scription of its utility. 


Building Small Skimming 
Plant in West Texas 


R. J. Reischman and associates are 
erecting a 700-barrel skimming plant 
near Fort Stockton, Texas, using equip- 
ment salvaged from Western Refining 
Company’s abandoned plant at Bald- 
ridge, Texas. Crude oil requirements of 
the plant will be supplied by truck from 
isolated fields in Pecos and adjoining 
counties. Reischman currently is operat- 
ing a 100-barrel skimming plant at the 
near-by town of Imperial; this unit will 
be abandoned. 

Star Light Refining Company, owner 
of a 400-barrel skimming plant near 
Ballinger, Texas, has dismantled the 
unit and disposed of the usable equip- 
ment. Operations were suspended in 
1943 because of decline of oil production 
in the area. 


Ink Research Uncovers 
Another Petroleum Use 


Pungent, tarry odors which have lim- 
ited the use of petroleum drying oils in 
printing inks are being eliminated by a 
chemical process developed by I. M. 
Bernstein, director, and Sam Nelson, re- 
search fellow, at the National Printing 
Ink Research Institute at Lehigh Uni- 
versity. ; 

The process, for which a patent 1s 
sought, has been discovered in the print- 
ing-ink research program concentrating 
on the deyelopment of alternates for, or 
extenders of, linseed oil at the William 
H. Chandler chemistry laboratories 2t 
Lehigh. Bernstein said several petroleum 
companies are interested in the process 
and efforts are being made to start 
manufacture at an early date. 
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Central flow-line boards for 
the control of modern industrial processes 
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oa gummed \ es and instant control of process- 
in the fi} \ ing or manufacturing equipment. 
» tur. ‘at Vn © ate The illustrations show front and 

as back views of a flow-line control 
board in a starch plant where 
combustible dust creates a Class 
II (National. Electrical Code) 


hazardous location. 
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The pilot lights and switches Type EYS Explosion-Proo! 
are dust-tight and explosion- Sealing Condtet 
proof and are designed for both 
Class I and Class II hazardous 
locations. A similar control 
board for use where flammable ea 
gases or vapors create a Class I 
hazardous location would only 
require substitution of explosion- 
proof junction Condulets and the 
addition of explosion-proof seal- 
ing Condulets, as indicated ==> 


Write for additional information. Type EJB Explosion-Proof 
Junction Condulet 


rint- 
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1—Transmitters 


Taylor Instrument Companies, Roches- 
ter 1, New York, announces manufacture 
of the new Taylor 226R Series Trans- 
mitters. The new series provides a prac- 
tical and economical means of pneumat- 
ically transmitting from the point of 
measurement to a central control panel 
such process variables as temperature, 
pressure, rate of flow and liquid level. 
Simplicity, ease of adjustment, and re- 
liable accuracy are outstanding features 
claimed for the transmitters, which con- 
tain an improved baffle and nozzle as- 
sembly to assure dependable perform- 
ance, 

Factory calibration to accuracies with- 
in % of 1 percent assures straight line 
relations between pen or pointer move- 
ment and output air. Standard range is 3 
to 18 psi. Other available ranges are 2 to 
14 and 2 to 15 psi. 

There are two micrometer screw ad- 
justments—one to establish the range of 
the instrument, and the other to accom- 
plish zero setting. 

The new transmitters (indicating or 
recording) are available for single or 
double duty, and as single-duty trans- 
mitter-controllers containing any of the 
five standard forms of Fulscope control. 

Bulletin 98156 illustrates and gives de- 
tailed information. 

CHECK THE CARD AT PAGE 2 


2——High-Pressure Gas Mixer 


Bryant Heater Company, Cleveland, 
Ohio, has announced production of a 
Venturi mixer for high-pressure gases, 
incorporating improved mechanical de- 
sign features. Known as the “Hijector,” 
the unit uses gas under pressures up to 
35 pounds to entrain all the air needed 


for combuestion, and to deliver the mix- 


Taylor 226R Transmitter 


Overall length of the unit is substan- 
tially reduced over conventional designs, 
by rearrangement of the elements for 
ease of*servicing. By reversing the usual 
operation of the air shutter and locating 
it on the body, the orifice spud is acces- 
sible for removal without disconnecting 
any piping. Air-entrainment noise is re- 
duced, while the orifice and air-entrain- 
ment areas are readily accessible for in- 
spection or cleaning. The shutter, though 
backed out of the way, cannot be dis- 
associated from the mixer and become 
lost. An integral cast mounting boss, 
with drilled and tapped holes, simplifies 
mounting of auxiliary devices. The mixer 
is available in pipe sizes from % to 4 
inches. 

Specifications and capacity tables for 
gases ranging from 500 to 2,500 Btu are 
included in Data Sheet 5B-1, available 


ture to burners at the highest possibleupon request. 


pressure. 


Lad? 


CHECK THE CARD AT PAGE 256 


Bryant “Hijector” Gas Mixer 


3—Steam-Cleaning Unit 


Oakite Products, Inc., 22 Thames 
Street, New York 6, has announced 
availability of a new, improved Oakite- 
Vapor Steam-Cleaning Unit for use in 
cleaning and paint stripping. 

The unit, an enclosed-coil type, down- 
draft flame steam generator, delivers a 
hot vaporized spray in either wet or dry 
state under pressures up to 200 pounds, 
It generates sufficient steam-cleaning 
pressure to operate two steam guns §- 
multaneously. The improved model is 
said to incorporate simplified grouping 
of gauges and controls; redesigned pip- 
ing system; plus a compressed-air valye 
accessory. for two-minute anti-freezing 
of the entire water-steam system. Twelve- 
gallon capacity of the fuel tank provides 
ample steam generation for an. uninter- 
rupted eight-hour, two-gun cleaning 
cycle. 

After initial throttle setting, unjt op- 
eration is completely automatic. Down- 
draft flame in a triple-insulated fire 





Oakite Steam Cleaning Unit 


chamber provides rapid, economical 
steam generation (100 pounds in one 
minute). Standard. dual-chamber steam 
gun is furnished with the unit; the clean- 
ing solution is aspirated through the gun 
from a separate solution tank, by-passing 
the steam coils and eliminating coil- 
clogging by the cleaning compound. 
Ample reserve power provides silent, vi- 
brationless operation. 

The unit is available as a stationary 
model, mounted on shop-wheel chassis 
for around-the-plant portability; or 
mounted on a trailer-type chassis. A %- 
horsepower, 60-cycle, 110-220-volt a. ¢. 
motor is mounted on the unit. For spe- 
cial applications, alternate motive power 
includes a self-contained gasoline engine, 
or special motors. 

CHECK THE CARD AT PAGE 256. 


4—Portable Test Kit 


Trutest Laboratories, 20 South 33rd 
Street, Philadelphia 4, has announced 4 
portable testing unit for analyses of wa- 
ter. The metal cabinet contains apparatus 
and chemicals needed to make chloride 
determinations and insufe constant 
carry-over control for high-pressure 
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Trutest Water Analysis Kit 


boilers. The kit weighs seven pounds. 

Determinations by this kit are easy to 
make, the announcement says. A 100-ml. 
sample of the water to be tested is ob- 
tained by pouring two 50 ml. portions 
into the casserole. Six drops of phenolph- 
thalein indicator are then added to the 
sample. If the sample turns pink (indi- 
cating alkalinity), 5 percent sulfuric acid 
is added, drop by drop, until the pink 
color disappears. Then 10 drops of po- 
tassium chromate indicator are added, 
which turn the sample a bright yellow. 

Now N/25 silver nitrate is added, drop 
by drop, with constant stirring of the 
sample, from the specially designed au- 
tomatic micro-burette until a slight 
orange red color develops throughout 
the sample. This is the end point. The 
brick red color resulting from adding 
more silver nitrate gives a reading past 
the end point. 

Results are read directly from the bu- 
rette in grains per gallon. For example, 
if a 100-ml. sample requires 0.4 ml. of 
N/25 silver nitrate to develop the slight 
orahge red color of the end point, the 
chloride content of the water is 0.4 GPG. 

CHECK THE CARD AT PAGE 256 


5—Odor Standards 
Cargille Scientific Inc., 118 Liberty 
Street, New York 6, has announced 


availability of Crocker-Henderson Odor 
Standards, offered as a means of specify- 
ing the odor of any material or product 
in terms of a four-digit number. This 
specification can be checked by different 
workers at different locations. Odor 
values are judged by reference to stand- 
ards which are constant, and results are 
not influenced appreciably by personal 
factors. The system was developed in 
the laboratories of Arthur D. Little, Inc., 
where it has been in use 20 years. 

The system classifies odors according 
to the intensities of four odor “com- 
ponents:” fragrant, acid, burnt, and ca- 
prylic (goat-like). The several thousand 
combinations of these four components 
—eight intensities of each-—make it pos- 
sible to assign a specific number to any 
odor. There are definite ranges of odor 
numbers for such odors as fishy, rancid, 
fetid, tarry, oriental, and flowery. Such 
numerical relations indicate odor values 
and enable the investigator to perceive, 
appreciate and describe great numbers 
of kinds of odors and to handle them in- 
telligently. With a little experience, it 
was said. only a few minutes are re- 
quired to evaluate an odor. The stand- 
ards are permanent. The 32 standards, 
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with extra empty vials, are furnished in 
a convenient wooden block with trans- 
parent plastic cover. Applications sug- 
gested include control of odors of pe- 
troleum products. Additional informa- 
tion may be had by writing. 


CHECK THE CARD AT PAGE 256 


6—Glass-Blowers’ Lenses 


American Optical Company, South- 
bridge, Massachusetts, has announced 
availability of AO 6 Curve Super Ar- 
morplate Didymium lenses which per- 
mit glass workers to look through 
opaque yellow light emitted by burning 
sodium and see hidden work areas _ in 
glass blowing, fusing and cutting oper- 
ations. : 

The lenses absorb more than 90 per- 
cent of the yellow sodium flare which 
conceals details of the job and which 
is caused by the burning of sodium dur- 
ing glass operations. 

By giving the operator a clear view of 
his work, the lenses help speed up pro- 
duction, reduce spoilage, and prevent 
headaches caused by eyestrain. They are 
especially useful in the electronics and 
glass industries, in laboratory glass 
blowing’. . . on all jobs where sodium 
flare is prevalent. 

In addition to absorbing sodium flare, 
the AO Didymium lenses have the same 
high impact resisting qualities as any 
AO 6 Curve Super Armorplate lens. 
They are available in orbit shape or 50 
mm. round for spectacle or cup-type 
goggles. 


CHECK THE CARD AT PAGE 256 


7—Carbon Dioxide Hose Reel 


C-O-Two Fire Equipment Company, 
Box 290, Newark 1, New Jersey, has 
made available a light-weight hose reel 
of the shock-proof type for carbon di- 
oxide systems, available in capacities 
from 50 to 200 pounds or more of car- 
bon dioxide. 

This stamped-brass and chrome-plated 


C-0-Two Hose Reel 


hose reel may be fitted with %4-inch 
high-pressure hose of any length up to 
125 feet, or any length up to 100 feet of 
¥%-inch hose. The hose reel and dis. 
charge horn may be installed adjacent to 
the C-O-Two cylinders or at a remote 
point. 

The handle of the fire fighting nozzle 
is equipped with a “squeez-grip” valve 
for controlling discharge of the carbon 
dioxide gas when working around a fire. 

CHECK THE CARD AT PAGE 256 


8—Valve Bonnet 


Hammel-Dahl Company, 243 Rich- 
mond Street, Providence 3, Rhode Is- 
land, announces application of the verti- 
cal U type fin radiation bonnet for its 
diaphragm control valves in sizes 2-inch 
and larger. The U section permits a draft 
effect which cools the packing-box sec- 
tion of the valve, and this effect plus in- 
creased radiation because of the type of 





Hammel-Dahl, Radiation-Fin Bonnet 


construction reduces packing-box tem- 
peratures. 

The U fins are fabricated integrally 
with the forged bonnet and provide 
strong support for the superstructure. _ 

The manufacturer recommends use o/ 
radiation-fin bonnets on cgntrol valves 
when the fluid passing through the valve 
body is in excess of 450° F. or below 
freezing. 

Additional information may be had by 
writing. é 

CHECK THE CARD AT PAGE 256 


9—Stainless-Steel Electrodes 


Air Reduction Sales Company, 60 East 
42nd Street, New York 17, has an- 
nounced a complete line of stainless-steel 
electrodes in a full range of grades and 
diameters. 

These electrodes are furnished with 
heavy extruded-lime type coating tor 
d. c. application. In addition, all but the 
straight chrome analyses are obtainable 
with a lime-titania type coating which 1s 
useable on a. c. or d. c. Slag: produced by 
either of these coatings is remove 
easily. . : 

Electrodes with the lime-titania type 
coating offer many desirable features not 
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found in the lime type coated electrodes, 
it was said. For example, satisfactory 
usability on a. c. eliminates arc blow 
and results in easier manipulation, more 
uniform arc action, and better appear- 
ance of deposit. This class of electrodes 
can be recommended for all applications 
on which the lime type of electrode is 
used, with the possible exception of 
highly restrained joints on heavy sec- 
tions er on steels of high hardenability. 


. 
CHECK THE CARD AT PAGE 256 


10——Hand-Grip Valve 


Airetool Manufacturing Company, 308 
South Center Street, Springfield, Ohio, 
has announced a hand-grip valve to be 
used with Airetool tube-cleaning motors 
for cleaning, buffing, grinding and gen- 
eral utility use. 





Airetool Hand Grip 


The hand grip is equipped with a fin- 
ger-operated trigger valve that regulatés 
the speed to give easy and simple motor 
control. This development makes it pos- 
sible to turn present cleaning motors into 
useful general utility tools. 

Additional! information is available by 
writing. 

CHECK THE CARD AT PAGE 256 


11—Low-Pressure Test Plugs 


_Mechanical Products Corporation, 168 
North Ogden Avenue, Chicago 7, has 
announced .he “Hydro-Matic” self-seal- 
ing low-pressure test plug, a detachable 
automatic seal for closing openings in 
vessels requiring internal pressure test- 
ing to 100 pounds per square inch. The 
device is similar to plugs previously of- 
tered by this manufacturer for higher 
Pessures, Literature is available giving 
details 


CHECK THE CARD AT PAGE 256 


12——Heat Exchanger 


_The Duriron Company, Dayton 1, 
Ohio, has announced production of a 
Corrosion-resisting heat exchanger of 
new design. It is offered as especially 
serviceable for heating or cooling small 
quantities of corrosive solutions over a 
wide temperature range. The No. 4 size, 
first of this new line, handles‘ an acid 
flow of from 4 to 14 gallons per minute, 
with a heating capacity up to 155,000 
Btu per hour, with 75-pound steam and 
inlet temperature of liquid between 70° 
and 130° F., and a cocling capacity up 
to 90,000 Btu per hour, based upon 100° 








Now Helicbid offers pressure gages with 
Monel Bourdpn tubes. 

This is just}one more advantage of Helicoid Gages. 
Here are somp of the others: 


The Helicoid Movement, which eliminates 
“clock gears.” 

Korex Bourdon tubes of alloy steel, stainless 
steel or Monel with smooth inside surface 
less likely to fracture. 

Fused joints for added strength where it’s 
needed most. 

Silver brazed joints in bronze-tube models for 
the same reason. 
Bronze tubes of heat-treated, phosphor-bronze 
with silver brazed joints. (Bronze tubing costs 
about twice as much as brass, but has better 
spring characteristics. ) 

Socket streamlined for easier cleaning and 
more equalized stress. 

Weather-proof case to keep out dust’ and 
moisture. 

These are just a few of the many reasons why 
large users of pressure gages are standardizing 
on Helicoid. Write for our technical catalog 
which tells the complete story. 













The Helicoid Movement 

e is one of many exclusive 
features of the Helicoid 
Pressure Gage. 











HELICOID GAGE DIVISION 


AMERICAN CHAIN & CABLE 





April, 1947—A Gulf Publishing Company Publication 257 








PROTECT 


Recessed Bolt Heads 
This Way 










To conceal and protect recessed bolts or 
screws, in metal or in wood, fill in the holes 
with Smooth-On No. 1 Iron Cement. Here's 
a filler that will fit tight and stay in place, 
for Smooth-On expands slightly as it hardens. 


To match highly polished or machined 
steel, Smooth-On No. 4AA, which takes 


machining, may be used. 


For more than 50 years past, engineers, 
mechanics and maintenance men in big 
plants and small shops have been using 
Smooth-On for many such jobs as this—and 
bigger ones, as well. Order Smooth-On No. 1 
in 1-, 5-, 25- or 100-Ib. size from your 


supply house. If they haven't it, write us. 


b R ts 40-PAGE REPAIR 


HANDBOOK 


Shows many ingenious, time-saving, money- 
saving Smooth-On uses on plant equipment. 
Cracks sealed. Leaks stopped. Loose parts 
and fixtures tightened. 
Clear, tested directions. 170 
diagrams. Send coupon for 
YOUR free copy. 







ro" -""Sign and Mail Now 


1 SMOOTH-ON MFG. CO., 


{ Dept. 11D, 
570 Communipaw Ave., 
| Jersey City 4, N. J. 


Please send me a Smooth-On Handbook 
j Name 
i Address 
4-47 
| 


>in SMOOTH-ON 


lron Cement of 1000 Uses 
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F. mean temperature differential. Larger 
units are being developed. The No. 4 
unit can be connected in series or parallel. 

Construction details, dimensions, in- 
stallation and operating instructions are 
contained in Bulletin 1610. 


CHECK THE CARD AT PAGE 256 


13—Alkalinity Test 


Trutest Laboratories, Inc., 20 South 
33rd Street, Philadelphia 4, has issued a 
bulletin describing a new indicator for 
fast determination of alkalinity of water. 
CHECK THE CARD AT PAGE 256 


14——Oxygen Breathing 
Apparatus 


Mine Safety Appliances Company, 
Pittsburgh 8, has available Bullétin B-14, 
descriptive of the MSA Chemox Oxygen 
Breathing Apparatus. It is a_self-con- 
tained breathing apparatus with a re- 
placable canister which generates oxygen 
for a minimum of 45 minutes. 
CHECK THE CARD AT PAGE 256 


15——Seamless Welding Fittings 


Ladish Company, Cudahy, Wisconsin, 
has issued a 10-page folder, giving di- 
mensions and approximate weights on a 
recently introduced line of controlled- 
quality seamless welding pipe fittings. 
Already stocked by distributors in prin- 
cipal centers, the new line includes 90- 
and 45-degree elbows, 180-degree return 
bends, straight and reducing tees, con- 
centric and eccentric reducers, caps, lap 
joint stub ends, saddles, shaped nipples, 
crosses and tees in carbon steel; sizes 
up to 30 inches. 


CHECK THE CARD AT PAGE 256 


16—Packing 


Raybestos-Manhattan, Inc., Manheim, 
Pennsylvania, has issued a folder, Form 
A909, giving data on its “Vee-Flex” au- 
tomatic packing rings for hydraulic cyl- 
inders, triplex pumps and heavy-duty 
valve stems. 


CHECK THE CARD AT PAGE 256 


17—Air Filters 


American Air 
Central Avenue, Louisville 8, Kentucky, 
is distributing a new 28-page illustrated 
booklet which discusses various types of 
industrial dust problems and typical .ap- 
plications of the company’s air filters to 


| such problems. Included is a chart of 





size and characteristics of air-borne 
solids. Sections dealing with miscella- 
neous applications include cooling elec- 
trical equipment and cleaning air for 
engines and compressors. 

* CHECK THE CARD AT PAGE 256 


18——Fractionating Tray 


The Koch Engineering Company, 335 
West Lewis Street, Wichita, Kansas, is 
distributing Bulletin 101, descriptive- of 
the “Koch Kaskade Fractionation Tray,” 
which is described as “presenting the 
story of the first major advance in frac- 
tionating technique in 30 years.” 

CHECK THE CARD AT PAGE 256 


19——Liquid Conditioning 


Liquid Conditioning Corporation, 114 
East Price Street, Linden, New Jersey, 
has available a condensed ‘catalog which 
gives information on methods and equip- 
ment for treatment of water, purification 
of process liquids, and recovery of valu- 





Filter Company, 215 | 
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FOG NOZZLES | 
DO NOT FAIL! | 


Wide clear passages through 
the heart of this dependable 
sprinkler head make it virtually 
non-clogging—always reliable. 


| 
It fights fire with the water 
available—maintains its spray 
pattern under low pressures 
in emergency. | 
Fine but forceful spray gives | 
| maximum cooling and quench- | 
ing effect and drives to the 
base of the fire in spite of | 
drafts and turbulence. | 


Aloo 


Blaw-Knox offers 
Standard Wet and 
Dry Pipe Automatic 
Sprinkler Systems, as 
well as Thermostatically 
Controlled Pre-Action 
and Deluge Systems. 


Write for details. 


BLAW- KNOX 


' SPRINKLER DIVISION 








832 Beaver Avenve, N.S., 
Pittsburgh 12, Penna. 
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This coolant may be distilled and 
relatively chemically inert fresh water, 
as in the case of air ejector inter- and 
after-coolers in certain Marine and 
stationary power plants, or relatively 
clean sea water containing chlorides 
and sulfates of sodium, potassium, 
magnesium and calcium with minor 
quantities of other salts, in a con- 
denser aboard a ship under way. It 
may be brackish water containing not 
only the chemicals found in natural 
fresh and sea waters, but often the 
more chemically active waste prod- 
ucts of industrial plants; or, in an oil 
refinery heat exchanger, it may be 
crude oil absorbing the heat of vapor- 
ization of one or more of the fraction- 
ated constituents. 


Whatever the chemical composition 
of this medium may be, it is not the 
sole determinant of tube life in an 
actual installation, but must be con- 
sidered in combination with some or 
all of such other factors as: 


Velocity and turbulence of coolant... 
Abrasives suspended in coolant . . . Dis- 
solved or enirained air or gases ... Tem- 
peratures inside and outside of tubes ... 
Marine growths or other deposits ... 
Development of protective film ... Media 
surrounding tubes. 


One of the principal objects of 
Condenser Tube Technical Research 
has been the development of alloys 
designed to give longest life and most 
trouble-free service. Today’s copper- 


base condenser tube materials, with 
an occasional resort to an alloy not 
usually considered in this connection, 
cover a wide range of uses, not only 
in the Marine and stationary power 
industries, but in the chemical and 
petro-chemical fields as well. 


The conditions surrounding any 
given Condenser Tube installation 
are many and varied, so that each in- 
stallation mus* be treated as an in- 
dividual problem. 


Scovill has made, or is making, 
extensive studies of Condenser Tube 
service conditions for every known 
application, and offers the facilities 
of its Technical Service Department 
in the selection of suitable Condenser 
Tube alloys to meet specific service 
conditions in an existing or proposed 
installation. 








THREE SCOVILL SERVICES 


Scovill’s Service in Men offers ex- 
perienced engineering to help solve 
your tube selection and installation 
problems. Service in Metals develops 
and produces Scovill tube alloys that 
conform to your requirements. Service 
in Manuals consists of literature 
which gives you latest, authentic in- 
formation on con- 
denser and heat ex- 
changer tubes. A’ 
Condenser Tube 
Booklet is available. 
Scovill Manufac- 
turing Co., 15 Mill 
St., Waterbury 91, 
Conn. Export De- 
partment: 405 Lex- 
ington Ave., New 
York 17, N. Y. 
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SCOVILL 
HEAT EXCHANGER TUBES 
One Product e 


Three Services 


N Service in Manuals . Service in Metals . Service in Men 
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Oakite-Vapor Steam Cleaner 


Outstanding features of this 
trailer-mounted steam gener- 
ator help you save time and 
money in cleaning drilling rigs, 
slush pumps, derrick gears, 
tanks, sheds, tractors: 


100 Ibs. pressure in 1 minute (rated 
capacity 200 p.s.i.) 


8-hr. non-stop TWO-gun cleaning 
or paint-stripping without refueling 


Fully automatic pressure and tem- 
perature safety controls 


Cleaning compound by-passes heater 
coils . . . no danger of clogging 


Easy, 2-minute anti-freezing of wa- 
ter-steam system 


Quiet, no-creep, automatic operation 


TRAILER-MOUNTED 
UNIT: Rugged, spring-sus- 
pended trailer chassis has pneu- 
matic tires, sturdy steel tow 
frame. Unit is furnished with 
3% hp, 110-220 v. ac motor or, 
if power supply unavailable, 
with self-contained gasoline 
engine. Immediate deliveries. 
Free Folder illustrates both 
stationary and portable models. 


GAKITE PRODUCTS, INC. 
508 Thames Sires!, NEW YORK 6, WN. Y. 
Techaical Representatives in Principal Cities of U.S. & Canada 


jalized Industrial Cleaning 


MATERIALS © METHODS © SERVICE 














| low-volume 
| maximum efficiency. Pump sizes covered 
| are 10- 12- and 15-inch, with capacities 
| from 20 to 300 gallons per minute, and 


| 24——Pyrometers 


able substances from waste liquids. In- 
cluded are tabulations of impurities 
found in water, their effects, limits of 
tolerance in different applications, and 
methods of removal. A chart shows re- 
sults of treating water by six condition- 
ing methods. 
CHECK THE CARD AT PAGE 256 


20——Pyrometric Controller 


Taco West Corporation, 2620 South 
Park Avenue, Chicago, has available 
Bulletin PC-1, descriptive of its new 
“Veritron” electronic pyrometric control- 


| ler. This instrument is a_two-position 
| electronic controller, 
| many unique features. 


said to include 


CHECK THE CARD AT PAGE 256 


| 21—Cycling Plant 


The Fluor Corporation, 2500 South 


| Atlantic Boulevard, Los Angeles 22, has 


available a 32-page brochure on the 


| South Coles Levee Cycling Plant, which 
| it designed and built. 
| many photographs accompanying the de- 


In addition to 


scriptive text, there is a four-color, 


| streamlined flow sheet which graphically 


depicts the various stages required in 
processing the well gas and condensate. 
CHECK THE CARD AT PAGE 256 


| 22——Water Pumps 


Byron Jackson. Company, Box 2017 
Terminal Annex, Los Angeles 54, has is- 


| sued Bulletin 46-6000, “The Hydropress 


Pump,” for those who have big-pressure, 
pumping jobs, requiring 


head ranges 55 to 250 feet per stage (to 


| pressures of 5,000 pounds per square 


inch). 
CHECK THE CARD AT PAGE 256 


23—Water Softeners 


Cochrane Corporation, 17th and Alle- 
gheny Avenue, Philadelphia 32, has is- 


| sued Publication 3000—“Cochrane Hot | 


Process Softeners,” a 66-page treatise on 


Plan with 
Peerless! 


Peerless Centrifugal Pumps 
(formerly Dayton- Dowd) 
Meet extensive, continuous-duty off a 
pumping requirements in all In- 
dustries and Municipalities desiring ad- 
vanced om 6 design, reduced operating cost 
and high pump efficiency. 


Type DS CENTRIFUGAL PUMPS 
For Chemical, Oil, Food Processing, etc. 
Capacities: Up to 600 G. P. M. Heads to 230 ft, 


Type XT TURBINE (Vane) PUMPS — 
For Butane-Propane, General and Process Work. 
Capacities: Up to 150 G. P. M. For high heads. 


Type A CENTRIFUGAL PUMPS 
For General Services-Maximum efficiencies. 
Capacities: Up to 60,000 G.P.M. Sizes: 2” to 42”, 





feed-water treatment. In addition to dis- 


| cussions of variations in the treatments 


that may be applied and designs applied, | 


it contains tables and data of interest to | 


chemists. 
CHECK THE CARD AT PAGE 256 


Leeds & 4934 


Northrup Company, 
Stenton Avenue, Philadelphia 44, is dis- 


tributing Catalog ND46(1), “Speedomax 


Type G Pyrometers,” a 16-page illus- 


Type B BOILER FEED PUMPS 


For High Pressuresin Refinery, Pipe Line and 
Boiler Feed Services. Pressures up to 7001 bs. 


Rees SSiiahaeaassesestetee: ARON EAD 


| 
} 
} 


trated booklet designed to provide infor- | 
mation about a pyrometer which supple- | 


ments the company’s “Micromax” line 


of instruments for applications which re- 


| quire split-second response to tempera- | 


ture changes, or unsually rapid concen- 


| tration on-a-single chart of data from 


many points. 
CHECK THE CARD AT PAGE 256 


| 25—Creep Stress Data 


The Babcock & Wilcox Tube Com- 
pany, 85 Liberty Street, New York 6, 


| has ‘available a new data card (104-A) 
which shows, graphically, creep stress 


data for B & W Croloy 2% and approx- 
imate comparison of creep strength data 
for the various heat-resistant B W 


| Croloy steels. The company points out 


that this card is for general or compar- 


| ative purposes only, and is not designed 


for use where precise figures are re- 


| quired. Other cards and bulletins. show- 
| ing exact figures-for safe design are pub- 


Type AF FIRE PUMPS 
(formerly Dayton-Dowd ) 
- Underwriters Approved. Capacities 500 to 2000 — 
G. P.M. One of a Variety of Peerless Fire Pumps. 


ae 


PEERLESS Pump Division manufactures an 
extensive line of high quality centrifugal 
pumps for usual or unusual pumping appli- 
cations. The Peerless staff of highly trained 
engineers or field representatives will gladly 
assist you in prescribing the proper pump 
for your specific application. If you are con- 
sidering a pump installation demanding 
long range, trouble-free service, then Plan 
w With Peerless—It will pay! 


PEERLESS PUMP DIVISION 
FOOD MACHINERY CORPORATION 


Factories; 301 W. Ave. 26, Los Angeles $1, California: 

Quincy, Ill. ; Canton 6, Ohio ~— District Offices: Canton 2, 

Obio; Ardmore, Pa.; Decatur, Georgia; Dallas, Texa* 
Distrib in Principal Citi 
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* The top construction of Ohio Type 1640 
Return Bend is the strongest type in use as shown by its higher 
pressure temperature rating.’ And the entire fitting has been 
made even stronger by applying the principle of directional 
solidification in the casting operation. This stronger casting 
is free of center line shrinkage or weakness found in ordinary 
designs. 
The combination of these two features means longer life 
for your return bends. 


WRITE FOR THE FACTS 


THE OHIO STEEL FOUNDRY COMPANY 


SPRINGFIELD, OHIO SPRINGTELD, C100 





Fes ce TRI-LOK 


OPEN STEEL FLOORING 





9’ 
ONE SQUARE FOOT 











DEFLECTION 





The locked in strength of TRI-LOK enables it to stand up 
under heavy loads—even on long spans. No rivets, bolts or 
welds are used in its construction, thus, the possibility of 








loose joints is eliminated. Write for Bulletin 1140. 


DRAVO CORPORATION 
NATIONAL DEPARTMENT 
300 Penn Avenue, Pittsburgh 22, Pa. 


(Distributor for THE TRI-LOK COMPANY) 











The Croll-Reynolds Company was originally 
founded in 1917 by engineers who had 
already accumulated specialized experience 
in the design and manufacture of steam jet 
vacuum equipment. Since then this organiza- 
tion, still under the active leadership of the 
original founders, has specialized on this 
particular item, to a very exceptional degree. 
The applications of steam jet vacuum equip- 
ment have increased tremendously in this 
time. Great progress has also been made in 
improving the simplicity and efficiency of 
the equipment. Even greater in importance 
is the wider range of vacuum which can be 
produced. Almost every year finds commer- 
cial equipment producing vacuum higher 
than was thought possible outside of lab- 
oratories. 


CROLL-REYNOLDS CO. 


17 JOHN STREET, NEW YORK 7, N. Y. 
STEAM JET EVACTORS 


CHILL VACTORS 
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While the steam jet vacuum equipment is 
not suitable for the extremely low pressures 
obtained with diffusion pumps, it has been 
developed to the point where it overlaps the 
applications of this equipment, particularly 
at pressures above 100 microns. From this 
pressure through all the intermediate range 
of vacuum up to atmospheric pressure, Croll- 
Reynolds EVACTORS are handling a great 
variety of industrial requirements, and fre- 
quently helping to pioneer new industrial 
processes. Inquiries are solicited on this 
equipment, also on all types of steam con- 
densers, and on the Croll-Reynolds CHILL- 
VACTOR unit for flash cooling of water 
and aqueous solutions. 


CROLL. 
aks 


(ih 


REYNOLDS 





CONDENSING EQUIPMENT 





lished by the company and are kept up 
to date through frequent revisions. The 
new card does not replace, but supple. 
ments such information. Technical data 
cards, bulletins and other literature coy. 
ering problems arising in connection 
with use of seamless or welded tubing 
are available upon request to sales offices 
of the company. 
CHECK THE CARD AT PAGE 256 


26—Color 


Pittsburgh Plate Glass Company, 632 
Duquesne Way, Pittsburgh 22, has pub- 
lished a colorful 32-page booklet which 
shows how scientific use of the energy 
in color is employed in plants to increase 
over-all efficiency. Sections are devoted 
to use of color on machinery and equip- 
ment, walls, ceilings, floor, aisles and 
mobile equipment with emphasis on color 
for safety. A special section contains 
material specifications for industrial 
painting. 

CHECK THE CARD AT PAGE 256 


27—Water Degasification 


Cochrane Corporation, Philadelphia 32, 
has available Publication No. 4076—The 
Degasification of Water by Cochrane 
Equipment. 


CHECK THE CARD AT PAGE 256 


28——Temperature Regulators 
and Controllers 


Leslie Company, Lyndhurst, New Jer- 
sey, has issued Bulletin No. 464—“Engi- 
neering, Operating and Maintenance 
Data on Temperature Regulators and 
Controllers.” ; 

CHECK THE CARD AT PAGE 256 


29——Solderiess Wiring 


Aircraft-Marine Products Inc., 1523 
North Fourth Street, Harrisburg, Penn- 
sylvania, has available a selection data 
book on its line of solderless wiring de- 
vices for installing terminals in a variety 
of wiring applications. 

CHECK THE CARD AT PAGE 256 


30——Pressure-Reducing Valves 


A. W. Cash Valve Manufacturing Cor- 
poration, 666 East Wabash Avenue, 
Decatur, Illinois, has issued Bulletin No. 
199, descriptive of its line of small pres- 
sure-reducing valves. 

CHECK THE CARD AT PAGE 256 





31—Pipe 


“Pipe in American Life,” a 48-page 
illustrated booklet published by the 
Committee on Steel Pipe Research ol 
American Iron and Steel Institute, pre- 


sents the historical background and 
modern uses of metal pipe, with en- On 
phasis on the use of steel pipe. Pac 
Much of the material has not pre 
viously been available as general in expa 


formation. Copies are available, Ameri 
can Iron and Steel Institute, 350 Fifth 1 
Avenue, New York 1. 


CHECK THE CARD AT PAGE 256 


32—Tank Roof 


“Vapor Saving Roofs” is the title 0 
a new eight-page bulletin recently made 
available by the Graver Tank & Mant 
facturing Company. This company’s ¢x- 
pansion roof and improved floating roo! 
of double-deck construction are de 
scribed along with information on the 
conservation of petroleum -products ™ 
storage. 

CHECK THE CARD AT PAGE 256 
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e E. B. Badger & Sons Co. is the original and 
sole manufacturer of BADGER Expansion Joints. 


ONcE you install dependable, long-lasting Badger 
Packless Corrugated Expansion Joints, your pipe 
expansion problems are solved. 

The flexing member of every one of these joints is 
made from a single piece of tubing; hence no packing 
is required. This eliminates costly and troublesome 
maintenance — assures long service without attention. 


Badger 


PAC ELMESS CORRUGATED 
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Other important advantages of the Badger Expan- 
sion Joint are its simplicity, compactness and ease of 
installation. 

Badger Packless Expansion Joints for the Petroleum 
industry are made of stainless steel and other alloys to 
withstand high temperatures and resist corrosion. 

A special heat treatment, after forming, further 
assures their resistance to corrosion, thereby lengthening 
their life of service. 

For more information about these “life-time” expan- 
sion joints, write for Bulletin No. 100. 


E. B. BADGER & SONS CO., 75 Pitts Street, Boston 14, Mass. 
AGENTS IN PRINCIPAL CITIES 


JOINtTsS 
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EXPANSION 











ENGINEERS 


E. B. Badger and Sons Com- 
pany has openings for several 


engineers with experience in 
the design and construction of 
chemical plants and petroleum 


refineries. — 


Write fully of your education 


and experience to: 


Personnel Director 


E.B. BADGER & SONS CO. 


75 PITTS ST., BOSTON, MASS. 


All replies will be treated in 
strict confidence. 








(PEN N\@/SALT/ 
Anhydrous 


Hh) 


Effective and practical alkyla- 
tion catalyst for production of 
high octane motor fuels. 

. 
Also finding use as condensation 
reagent. Of increasing interest 
in polymerization, isomerization 
and acylation reactions. 

* 
Write for helpful booklet, “How 
to Handle Anhydrous Hydro- 
fluoric Acid Safely.” 


PENNSYLVANIA SALT 
MANUFACTURING COMPANY 


1000 WIDENER BUILDING, PHILADELPHIA 7, PA. 
New York * Chicago ® St. Louis © Pittsburgh 
Cincinnati * Wyondotte « Tacoma * Portland, Ore 
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Cooper-Bessemer Corporation 
Advances Horace Sanders 


The Cooper-Bessemer Corporation has 
announced promotion of Horace San- 
ders to assistant 
Southwestern district 
manager. 

Sanders has been 
with the organization 
20 years, starting as 
stenographer and 
warehouseman for 
Bessemer Gas. En- 
gine Company at 
Shreveport. In 1931, 
after the consolida- 
tion which formed 
The Cooper -Besse- 
mer Corporation, he 
was transferred to 
Dallas, and since 
1933 he has devoted his efforts to sales 
and administrative activities. In his new 
capacity he is assistant to A. A. Burrell, 
Southwestern district manager for the 
company at Dallas. 





Horace Sanders 


Reading-Pratt & Cady Sales 
Setup in Southwest Changed 


J. A. Bynum, who has been district 
sales manager for Reading-Pratt & Cady 
Division, of American Chain & Cable 
Company, Inc., in the Southwest for 
many years, has been appointed special 
representative on Reading-Pratt & Cady 
valves for the petroleum industry in that 
area. 

J. J. Reed has been appointed district 
sales manager to succeed Bynum. For 
most of the past five years Reed has 
been located at the factory at Reading, 
Pennsylvania. Prior to that time he was 
engaged in sales work in the Southwest. 
Both Bynum and Reed will make head- 
quarters at the Houston office of the 
company, 630 McFarland Street. 


National Tube Company Sales 
Personnel Promotions Announced 


Forrest A, Marsh, division sales man- 
ager for National Tube Company at 
Houston, has been 
appointed assistant 
to the vice president 
in charge of sales for 
the company, head- 
quarters at Pitts- 
burgh. He succeeds 
James B. Graham, 
who is retiring. Earle 
E. Smith has been 
moved from Tulsa to 
succeed: Marsh at 
Houston; G. F. 
Coons, formerly at 
New Orleans has be- 
come sales manager 
at Tulsa,and Thomas 
W. Thorne promoted to fill the New Or- 
leans post. 





F. A. Marsh 


Marsh, who attended Purdue Univer- 
sity, joined National Tube Company in 


1924 and worked in the mills five years 
until he was appointed a field engineer. 
He became division sales manager at 


Suppliers 





Houston in 1936 and has been manager 
of the office there since 1944, - 

Smith began with the company as a 
machinist, following graduation from 
Carnegie Institute of Technology with 
a degree in mechanical engineering. He 
held several erigineering and operating 
positions at the plant until 1929, when 
he was made a field engineer in Texas, 
Three years later he became a sales 
agent at Tulsa, and later was trans- 
ferred to Pittsburgh as director of sery- 
ice. He was appointed manager of sales 
at Tulsa four years ago. 

Coons has been manager of the New 
Orleans sales office since 1942. He was 
graduated from Wyoming: State Univer- 


For more than 34 years Multi-Metal 
has designed and fabricated an in- 
finite variety of filter units which 
involve the use of wire cloth. Multi- 
Metal stresses its technical facility. 
In addition to our fabrication plant, 
we carry a wide variety of wire cloth 
which is available by the roll and cut 
piece. Write for our new catalog and 
free wire cloth samples. 


Multi-Metal 


WIRE CLOTH COMPANY, INC 
] . New Y rk 59 a % 


yrrison Ave 
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NATIONAL Foam SYSTEM. ENC. 


Specializing in Foam Fire Protection 


i ia 2. Ba. 
Packard Building. Philadelphia 2 ; 
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sity, and was employed by several oil 
companies and The National Supply 
Company before joining Nationa] Tube 
Company as a field engineer in 1930. 

Thorne was graduated from North 
Carolina State College with a degree in 
mechanical engineering. ‘He started with 
the company as a sales trainee, and has 
held position as a salesman at Atlanta, 
New Orleans and Houston. 


Wheelco Instruments Company 
Makes British Tie-Up 


Wheelco Instruments Company, Chi- 
cago, has consummated an arrangement 
whereby its instruments will be manu- 
factured and marketed in the United 
Kingdom by Ether, Ltd., Birmingham, 
England. 








Neilsen & Fryer Representing 
Hammel-Dahl in Chicago Area 


Hammel-Dah!t Company has an- 
nounced appointment of Neilsen & 
Fryer, Inc., 152 East Superior Street, 
Chicago 11, as its dealer representative 
in the Chicago area. 

Neilsen & Fryer, Inc., organized in 
1945 as specialists in sales and service 
of instruments and automatic control 
equipment, includes D. M. Neilsen and 
J. C. Fryer. 

Neilsen has an electrical engineering 
degree from Rensselaer Polytechnic In- 
stitute, and for eight years previous to 
his present association was with the 
sales department of The Foxboro Com- 
pany. He has been a contributor to the 
literature.on automatic controls. 

Fryer obtained a degree in electrical 











THE PART YOU CANT SEE 


Is what makes a 


GOOD PAINT JOB 


You can’t put good paint over a bad 


surface and expect it to hold up. It’s 


cheaper, of course, to cover up rust 
and scale and let it go at that, but it’s 


mighty expensive in the end. 


STOKES sand blasts, or bronze buffs 
all surfaces thoroughly before apply- 


ing the finish coat. While such careful 


methods may cost more they save you 


money in the long run. 


Inquiries invited. 


R. A. STOKES ~ 


635 NIXON BLDG. 


CORPUS CHRISTI, TEXAS 


Phones 2-2101 and 5316 














D. M. Neilsen 


J. C. Fryer 


engineering and engineering mathe- 
matics from University of Michigan in 
1933. From 1934 to 1936 he was with 
Schweitzer & Conrad, and later was 
sales and service engineer for The Fox- 
boro Company at Chicago. 


Spence Elected President 
Mechanical Packing Association 


Elmer L. Spence was elected presi- 
dent of the Mechanical Packing Associa- 
tion at its recent annual meeting in New 
York. 

Spence, manager of the Packing De- 
partment of United States Rubber Com- 
pany, was formerly a director and chair- 
man of the association’s standards and 
customs committee. 

A. W. Swartz, Sr., of Linear, Inc., 
Philadelphia, was elected vice president, 
and F. H. Luhrs, New York, secretary- 
treasurer. Directors elected are C. A. G. 
Pease, Endura Manufacturing Corpora- 
tion, Charles E. Cunningham, Flexitallic 
Gasket Company, and A. R. Byrnes, 
Union Asbestos & Rubber Company. 


Fairbanks, Morse Appoints 
New Los Angeles Manager 


John A. Cuneo has been’ appointed 
manager of the Los Angeles branch of 
Fairbanks, Morse & Company. He suc- 
ceeds Harry W. Brown, who has re- 
tired. 

Cuneo joined the company in 1929 as 
a field engineer in the export division, 
traveling the West Indies and Latin 
America. Later he was manager at 
Havana, following which he was as 
signed to New York, Chicago and St. 
Louis before being made assistant man- 
ager of the export division in New York. 
During the past two years he was 4 
member of the organizing staff of the 
company’s subsidiary in Mexico. 


Jones & Laughlin Supply 
Makes New Sales Assignments 


H. L. Wilkins and A. G. Bastian have 
been named assistant sales managers 0 
Jones & Laughlin Supply Company. Wil- 





A. G. Bastian 


H. L. Wilkins 
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for valves and 
fittings in HF 
alkylation units 


At least three commercial nonferrous 
metals provide adequate resistance to 
hydrofluoric acid. 

They are Monel*, “K”* Monel and 
“S”* Monel. 

Producers of hydrofluoric acid and 
operators of HF alkylation units find 
them useful against this destructive cor- 
rosive’s dilute and anhydrous forms. 


Monel 
Like ali high-Nickel alloys, Monel is 


tough and erosion resistant. It has a ten- 
sle strength of 75,000-85,000 psi, yet can 
be readily fabricated and welded. At tem- 
peratures up to 250° F., where oxygen 
is absent and sludge is not allowed to 
accumulate, it resists attack by HF in all 
concentrations. 

In rerun systems where quantities of 
water are present and ordinary valves 
corrode badly, Monel’s corrosion rate is 
noticeably lower than that of other com- 
mercial nonferrous metals. 


“K" Monel 


All the properties of Monel—and more 
besides — are present in “K” Monel. 
Through heat treating, it gains extra 
strength and hardness without sacrificing 
any of its corrosion resistance. 


“S$” Monel 


For certain purposes, the superior hard- 
Ress and non-galling properties of cast 





SaOt mat 


DON’T DELAY—WRITE TODAY 


3 useful metals 


ac BE EE SSB Ay EON ROE 


“S” Monel are desirable. This alloy also 
displays excellent resistance to HF cor- 
rosion. 


Let INCO help you 


Investigate the applications of Monel, 
“K” Monel and “S” Monel for HF serv- 
ice. And for help with your problems, 
call on Inco’s Technical Staff. A note to 
them at the address below will make their 
accumulated experience available to you 
without fee or obligation. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, Mew York 5, N.Y. 





This authoritative article contains photos, tables 
and metallurgical information of permanent 
value to operators of HF alkylation units. It’s 
free, but supply is limited. 





BOOSTING VALVE LIFE. Globe valves 
with “K” Monel stems, discs, disc nuts 
and seats increase valve life and reduce 
maintenance problems. “K” Monel is 
one of three Inco Nickel Alloys espe- 
ad suited for use with hydrofluoric 
acid, 





CLOSE-UP of one of the forged steel 
globe valves with “K” Monel trim fab- 
ricated by Henry Vocr Macuine Co., 
Louisville, Ky., for HF service in re- 
finery alkylation units. 





ALLOYS MONEL* - “K”* MONEL « “S”* MONEL + "R”* MONEL « “KR”* MONEL + INCONEL* NICKEL “L”* NICKEL « °2"* NICKEL 
r *Reg. U.S. Pat. Off. 
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kins, who has been manager of branch 


stores, will continue to make headquar- , 


ters in Tulsa. Previous to his promotion 
Bastian was general salesman in East 
Texas, and he will continue to have 
headquarters at Longview. 

M. L. Eubank, who has been a sales- 
man in East Texas, has been appointed 
sales manager for the district and will 
have headquarters in Longview. W. O. 
Hardy, Tulsa salesman, has been named 


the Jones and Laughlin research labora: 

tory. 3 
McCutchan attended the University off 
Michigan. He was associated for 2) 
years with fhe engineering div‘sion off 
Detroit Edison Company, specializing in 

the design of power-plant piping, before; 
joining Tube Turns (Inc.). He is thet 
author of numerous articles on piping 
flexibility, flange design, application of @ 


welding to high-pressure-high-tempera- @ 


If you need dependable Turbine repairs 
in a hurry, call us. We are completely 
equipped to repair and dynamically bal- 
ance turbine rotors and any High Speed 
rotating elements in our modern shops. 


25 Years Successful Experience 








RUST-OLEUM 


POSITIVELY PREVENTS RUST 


onger life for 
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Tulsa, Ohla. 


sales manager for the Kansas district,’ 


succeeding C. E. Robertson,. and will 
have headquarters in Wichita. 


Rockwell, Jr., Elected President 
Rockwell Manufacturing Company 


W. F. Rockwell, Jr., formerly vice 
president and general manager of Rock- 
well Manufacturing Company, has been 
elected president of the company. W. F 
Rockwell, who has been president and 
board chairman, continues as chairman 
of the board. All other officers were re- 
elected at the recent annual meeting. 


Houdry Names Louis Pineau 
Foreign Business Advisor 


Louis Pineau has been named an ad- 
visor on foreign business to Houdry 
Process Corporation, 
and will maintain 
headquarters in Paris. 
He recently visited 
the Houdry labora- 
tories, where his old- 
time acquaintance 
with Eugene J. Hou- 
dry and associates 
was renewed. Pineau 
sailed for Paris re- 
cently with Houdry. 

Pineau is président 
of the Permanent 
Council of Petrole- 
um Congresses (Lon- 
don), administrator 
general of Maison de la Chimie (Asso- 
ciation of French Chemical Industries), 
and honorary president of the French 
Association of Petroleum Technologists. 
From 1920 to 1940, when he was re- 
moved by the Vichy regime, he di- 
rected the National Office of Liquid 
Fuels in the Ministry of Public Works. 
During the war he headed the joint 
Anglo-French Executive Committee for 
Oil from London. 


Louis Pineau 


Tube Turns Appoints McCutchan 
To Senior Engineering Post 


Arthur McCutchan has been appointed 
senior research engineer of the product 
engineering and re- 
search department of 
Tube Turns (Inc.), 
Louisville, Kentucky. 

McCutchan will be 
associated with A. R. 
C. Markl, chief re- 
search engineer, for- 
merly mechanical en- 
gineer in charge of 
the pressure equip- 
ment and materials 
division of The M. 
W. Kellogg Com- 
pany Mason S. 

oyes, research en- 
gineer, formerly sen- Arthur McCutchan 


ior marine engineer, Bureau of Ships, 


U. S. N., and Henry ~H. George, re- .. 
search engineer, formerly a physicist if 


pee 
¥ 
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ture piping, and graphitization of high- 
temperature steam piping. He is co 
author, with Sabin Crocker, of the chaps¥ 

ter on Expansion and Flexibility in them 
Piping Handbook. a 
* 
WANTED—MECHANICAL OR METALLURGICAL & 
ENGINEER—familiar with the inspection of refinery 
fractionating equipment, furnaces, heat exchangers 
and pressure vessels and having experience to qualify 
for king recom dati for renewal or repairs 
te the equipment. Experience on catalytic cracking 
units preferred, but not essential. in replying, please 
send full details of experience and education. Snap- 


shot (if available). Address: Box 10-R, ¢/e Petro- 
leum Refiner, Houston, Texas. 














WANTED: 


Assistant to a head of a drafting department. 
Engineer, active, thorough type with ability 
to analyze facts and to express the results 
clearly in correspondence; to coordinate ac- 
tivities and to direct men; to follow pro- 
cedures in orderly manner. Familiarity with 
drafting practice in the design of intricate 
piping systems and platework. Experience on 
gas plant, power plant or chemical plant de- 
sign. Location: New York City. State qualifi- 
cations and describe experience fully. Give 
age, salary expected. Address: Box 38-R, c/o 
Petroleum Refiner, Houston, Texas. 








Employment Service 


For technical and trained per- 
sonnel in the oil industry. We 
keep your name and present con- 
nection confidential until you 
permit us to reveal them to a 
prospective employer. Licensed. 
Bonded. No fees to employees. 
Write Oi] Industry Employment 
Service, P. O. Box 2603, Tulsa, 
Okla. 














We design and 
construct all 
types of modern 
refining units 
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